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Massive star cluster formation

lll. Early mass segregation during cluster assembly

Brooke Polak!2*©®, Mordecai-Mark Mac Low?®, Ralf S. Klessen!***7®_ Simon Portegies Zwart®®, Eric P.
Andersson®®, Sabrina M. Appel’®, Claude Cournoyer-Cloutier®®, Simon C. O. Glover'®, and Stephen L. W.
McMillan®

ABSTRACT

Mass segregation is seen in many star clusters, but whether massive stars form in the center of a cluster or migrate there dynamically
is still debated. N-body simulations have shown that early dynamical mass segregation is possible when sub-clusters merge to form
a dense core with a small crossing time. However, the effect of gas dynamics on both the formation and dynamics of the stars
could inhibit the formation of the dense core. We aim to study the dynamical mass segregation of star cluster models that include gas
dynamics and self-consistently form stars from the dense substructure in the gas. Our models use the Torch framework, which is based
on amusi and includes stellar and magnetized gas dynamics, as well as stellar evolution and feedback from radiation, stellar winds,
and supernovae. Our models consist of three star clusters forming from initial turbulent spherical clouds of mass 10*, 10°, 10° M,
and radius 11.7 pc that have final stellar masses of 3.6 x 10° M, 6.5 x 10* M, and 8.9 x 10° M, respectively. There is no primordial
mass segregation in the model by construction. All three clusters become dynamically mass segregated at early times via collapse
confirming that this mechanism occurs within sub-clusters forming directly out of the dense substructure in the gas. The dynamics
of the embedded gas and stellar feedback do not inhibit the collapse of the cluster. We find that each model cluster becomes mass
segregated within 2 Myr of the onset of star formation, reaching the levels observed in young clusters in the Milky Way. However, we
note that the exact values are highly time-variable during these early phases of evolution. Massive stars that segregate to the center
during core collapse are likely to be dynamically ejected, a process that can decrease the overall level of mass segregation again.
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SO as shock tracer in protoplanetary disks: the AB Aurigae case

A. Dut:reyl, E. Chapillc-nl*z, S. Guilloteau!, Y.W. Tang3, A.Boccaletti*, L.Bouscasse?, Th. Collin-Dufresne!, E. Di
Folco!, A. Fuente’, V.Piétu?, P. Riviere-Marichalar’, and D.Semenov®’
ABSTRACT

Context. Sulfur Monoxide is known to be a good shock tracer in molecular clouds and protostar environments, but its abundance is
difficult to reproduce even using state-of-the-art astrochemical models.

Aims. We investigate the properties of the observed SO emission in the protoplanetary disk of AB Auriga, a Herbig Ae star of 2.4 M,
located at 156 pc. The AB Aur system is unique because it exhibits a dust trap and at least one young putative planet orbiting at about
30 au from the central star.

Methods. We reduced ALMA archival data (projects 2019.1.00579.S, 2021.1.00690.S and 2021.1.01216.S) and analyzed the three
detected SO lines (SO 65 — 54, 67 — 5¢ and 55 — 45). We also present C'70 and C'®0 2-1 data to complement the interpretation of the
S0 data.

Results. For the three SO lines, the maximum SO emission in the ring is not located in the dust trap. Moreover, the inner radius of
the SO ring is significantly larger than the CO emission inner radius, ~ 160 au versus ~ 90 au. The SO emission traces gas located
in part beyond the dust ring. This emission likely originates from shocks at the interface of the outer spirals, observed in CO and
scattered light emission, and the molecular and dust ring. SO is also detected inside the cavity, at a radius ~ 20 — 30 au and with a
rotation velocity compatible with the proto-planet P1. We speculate that this SO emission originates from accretion shocks onto the
circumplanetary disk of the putative proto-planet P1.

Conclusions. These observations confirm that SO is a good tracer of shocks in protoplanetary disks and could be a powerful, new
tool to detect embedded (proto-)planets.
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Line Frequency | Resolution  PA | Int. Flux
(MHz) (" x") (°) | Jykm/s)
C702-1 | 224714385 | 0.63x034 25| 296 +0.64
C1802-1 | 219560.354 | 0.67x0.42 179 | 534 + 0.02
SO 5¢ — 45 | 219949.442 | 044 x0.32 170 | 0.33 +0.01
SO 65 -5, | 251825.770 | 0.51 x0.31 167 | 0.27 +0.01
SO 6, —5¢ | 261843.721 | 049 %029 168 | 0.27 +0.02
Cont. (MHz) "X () [ (mly)
249000 042x025 168 | 827 +04

Table 1. Observed frequencies, transitions and continuum.
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No Thick Atmosphere on the Terrestrial Exoplanet Gl 486b

MecAN WEINER MANSFIELD,"*?* Q1ao XUE,? MICHAEL ZHANG,"® ALEXANDRA S. MaHaJaN,® JEGuG IH,” DanienL KoLr,®

JacoB L. BEaN.? BRanDON Park Cov,” Jason D. Eastman.® Eniza M.-R. Kempron,” EDWIN S. KITE,? AND
JONATHAN LUNINE!

ABSTRACT

A primary science goal for JWST is to detect and characterize the atmospheres of terrestrial planets
orbiting M dwarfs (M-Earths). The existence of atmospheres on M-Earths is highly uncertain because
their host stars’ extended history of high XUV irradiation may act to completely remove their atmo-
spheres. We present two JWST secondary eclipse observations of the M-Earth Gl 486b (also known
as GJ 486b) between 5 — 12 ym. We combined these observations with a precise analysis of the host
star parameters to derive a planetary dayside temperature of T, = 865 £+ 14 K. We compared this
temperature to the maximum expected temperature for a zero albedo, zero heat redistribution bare

rock and derived a temperature ratio of R = % = 0.97 £ 0.01. This value is consistent with an

airless body with a slight non-zero albedo or a thin atmosphere with < 1% Hs0O or < 1 ppm COs.
However, it 1s inconsistent with an Earth- or Venus-like atmosphere, and the spectrum shows no clear
emission or absorption features. Additionally, our observations are inconsistent with the water-rich
atmospheric scenario allowed by previous transit observations and suggest the transmission spectrum
was instead shaped by stellar contamination (Moran et al. 2023). Given the potential for atmospheric
escape throughout the system’s > 6.6-Gyr lifetime (Diamond-Lowe et al. 2024), we conclude that the
observations are likely best explained by an airless planet. This result is the most precise measure-
ment yet of terrestrial exoplanet thermal emission with JWST, which places a strong constraint on the
position of the “Cosmic Shoreline” between airless bodies and those with atmospheres.
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Filamentary Molecular Cloud Formation via Collision-induced Magnetic Reconnection

in Cold Neutral Medium

Suvo Kona (fL#H),! Rowan J. SmiTH,2 DAVID WHITWORTH,? AND ERIKA T. HAMDEN!
ABSTRACT

We have investigated the possibility of molecular cloud formation via the Collision-
induced Magnetic Reconnection (CMR) mechanism of the cold neutral medium (CNM).
Two atomic gas clouds with conditions typical of the CNM were set to collide at the
interface of reverse magnetic fields. The cloud-cloud collision triggered magnetic re-
connection and produced a giant 20 pc filamentary structure which was not seen in the
control models without CMR. The cloud, with rich fiber-like sub-structures, developed
a fully molecular spine at 5Myr. Radiative transfer modeling of dust emission at far
infrared wavelengths showed that the middle part of the filament contained dense cores
over a span of 5pc. Some of the cores were actively forming stars and typically exhib-
ited both connecting fibers in dust emission and high-velocity gas in CO line emission,
indicative of active accretion through streamers. Supersonic turbulence was present in
and around the CMR-filament due to inflowing gas moving at supersonic velocities in
the collision mid-plane. The shocked gas was condensed and transported to the main
filament piece by piece by reconnected fields, making the filament and star formation
a bottom-up process. Instead of forming a gravitationally bounded cloud which then
fragments hierarchically (top-down) and forms stars, the CMR process creates dense gas
pieces and magnetically transports them to the central axis to constitute the filament.
Since no turbulence is manually driven, our results suggest that CMR is capable of
self-generating turbulence. Finally, the resulting helical field should show field-reversal
on both sides of the filament from most viewing angles.

W% % #5222 dMcold neutral medium (CNM) cIoudODé:r IZL 3
MERDRIBEM Z . BRRAEY T a2l —2 3 THRANE®RXY

N
CTT
\' EEIL



A4 br0A-5EFE

*+ Orion ATIE, 74 7 X hZERATRIFATICAW:
EfWEHERAIINTWS

+ ZDT7ATAV BRI LETIELT,
Himh RFEITH2DDHREDER Z1RE
— 35 Dreconnection A EE

Declination (J2000)

+ AREPOZ L3
5 1. simple chemistry, heating/coolingz % & D

E
B CRNIIBA ICsink ff 2 e
@ o e e e e l _____________ FRIGREICY L CFal. FRRl
JBeomMe Bz oz wX L WNM MREICXT L TRAZEOESEERY,
N . .- X _ ... PPVII Chap.6 & Y 51 A

CNM Cloud? N
® © ©® ® ® , Cloud2
CNM Cloud1 . Sy R
Vixy, ” X PRFAS Jbr-ETT s e 330t
® @\@ e / ® ® . CNM A
Ri Cloud1

®© © 0 ©® 8 ® WNM .
WNM ‘1151‘_ V2 B

® ® © & & ®



o

s FRENTHERE(E - ':F'g%) Ezziﬁ \71‘5(4"5)
- X=0CHRENIEZEL., 5

}i——ﬁﬂﬁxzi@-?b‘x Oﬁx_’é*reconnectlon?‘% & TR D IV— THFERK
HHLNTT74 7 X

10 PCRT—ILDT7 47 X FDFERK. sinkd 2K

— HADEFH LA

> L ¥ ¥ ¥
t = 2.0 Myr t = 3.0 Myr
. ’ = - \ A i “ ~ ' 4
1600
o A - - ‘ - - ’ = - - ‘ - - -
E g ! i 1400
B - - | = - N - - | - -~ -~
. 1200
X - - ’ iy t ~ - t N
3 - . t X 4 t lUODﬁ
2 X ¥ ¥ 4 1 ¥ > ~ 7
t = 4.0 Myr t = 5.0 Myr 200
l\ ] ’ ] L L) ] - "2 ’ 4
H 600
o - - e P - ~ = = - -
S0
= bk s wabe s JL . 3FEL . [0
¢
s O O T P S A 1
_9 1 1 £ u
=2 —1 0 1 2-2 —1 0 1 2
7 (10pc) 7 (10pc)

0 2

8

10

y (10pc)

y (10pc)

RN A

1

't =3.0 Myr «
2 7

-~

-2
wt =50 Myr w
s
d N - -
- -
0 ) ey
- . = =
| e b -"\f I'd 4 4 b M
>~ - o e - - - LR = (R O~
N o=~ R e 0 S i i SR
_olw - 1 - - U
=2 -1 0 1 2-2 -1 0 1 2
z(10pc) (10pc)
e ———
0 2 6 8 10
v (kms™)

1600

1400

1200

1000

800

600

400

200

N gor (cm™

x (10pc)

x (10pc)

1600

1400

1200

1000

800

600

400

200

1.0 - — : ;
t =20 Myr St =3.0Myr
0.5 =
0.0} e e
—0.5}=
~1.0 =
1.0 — _ -
~ o t=4.0Myr. * t =50 Myr
0.5 =
0.0 e —
—0.5EF :
-0 —o05 00 05 L0 ~05 00 0.5 1o
z (10pc) 2 (10pc)

M gor (cm™)



-—\\

Eﬁﬁ%‘ﬁ‘zz T E. mass-to-flux rationME <. dense gask Usinkld 23
CBEISAEVNEA. 745 XY FIRRET
- ZE{LUERRI(dust, polarization, CO) % &6 E1T

P S T YU T TN S S A A A I
S vy »t=.2'2— Myr L .
vy b P I (a) 1p6 (b) (c) )
1 AN ] 1600 . a0
- ow ™ L # ¥ o P ow X
o> e - o ™ R T o o e = .
S e - ; f - N e = o= 1400 5 e )’
E.n e - PN - ™ ' L I $ ‘ ’ : 250
l’ AT AP N T S ‘.. -, - : R W 1200 *
IR AR A R S AR R L S S 4
I R 2 2 i 2 T B T N T ' = 2 oo
1000 — (d) - (e) L — "
_9 2 7.1t t & N N wN oW 2 7.1 t t % N N N @ ‘ .
I S T T T B S S A e LI R TR T S A g ) ‘ =
ooy g JfEAEIMYr Ll =52y 800 = : « s
RYNN N Ny T g '& X 1503
ow ow ¥oohkea ) L i S [ F oy o 600 &
- e - - e ry -y, Y o N e e - ) " k
g Op = o A - = - * g = - ! » . ~ c i 100
= - e - e o o AN e o - 400 (g) (h) (1)
l’ L w: A i ’ 2 A WY N g
- P | L 200 -
7 ~ 7 ' LN L’- . #‘ - "
W oar » PR B N Y ! -
ole a2 £ 4t t 4 NN N 0w 2 7.4 + t % N N 0w ) - 3
=2 -1 0 1 2-2 -1 0 1 %
. | -
(10pc) z (10pce) n
' X Ho
0 2 4 6 8 10 = =




	スライド 1: 星形成ゼミ GAEP 2024/8/23-8/29 1-37 担当：小道 雄斗（東大相川研D1）
	スライド 2
	スライド 3: イントロ
	スライド 4: 手法
	スライド 5: 解析手法
	スライド 6: 結果
	スライド 7: 議論
	スライド 8: (付録)
	スライド 9
	スライド 10: イントロ
	スライド 11: 観測結果
	スライド 12: 議論
	スライド 13: 議論
	スライド 14
	スライド 15: 結果の概要
	スライド 16: 結果の概要
	スライド 17
	スライド 18: イントロ・計算手法
	スライド 19: 結果
	スライド 20: 結果

