Formation of massive star cluster under radiative
and stellar wind feedback: origins of extremely high
N/O ratios and multiple stellar populations
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Supersolar N/O galaxies in the Early Universe cf. Yuki's Talk
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Birthplaces of Globular Clusters (GCs) ?

@ Local HII Regions Cameron + 23 B Senchyna + 23(gas) O RXCJ2248 —ID Q1 Isobe + 23
© NGC 6752 Stars o Halo Stars I.I Senchyna + 23(tot) FQ* Jones + 23
1.0 | b
%o (a) (b) 106 | o (0)
0.00 - :
5] ® | "_RA%
0© 107 -
—0.25 1 — ] <_$
0.0 S ! . 5
) 0 ] ' P
~ —0.501 ° & 8° o 107 ¢ O e
—0.5 9/ o ° /o) O 0O 2 : O @
1 o o o Z.?’o ° 0% P : b4 ® .‘
— —0.75- 5 o 9% Sod ° = 103 - 9
o 0 I} O A ]
—1.0- o _ © o ]
© °© o o Young Clusters (Brown-+2021)
—1.00 1 o 5 | © RXCI22481D
—1.51 10 - O Cosmic Gems clusters (z ~ 10.2; Adamo + 2024)
1 © Suaurise arc (z ~ 6; Vanzella + 2023)
—1.25- , 1 @ Sunburst arc (z = 2.37; Vanzella + 2022a)
7.0 7.5 3.0 8.5 65 70 75 80 85 90 VT 10!
log(O/H log(O/H
g(O/H) g(O/H) Tef |DC]
(Topping+24)

[N/O] of observed galaxies are similar to GCs.

(e.g., GN-z11, Cameron+23, Senchyna+23)
Supersolar N/O and compact star forming regions (< 20 pc) are also discovered.
(e.g., Adamo+24, Topping+24)



Nitrogen-enrichment scenarios cf. Kuria’s Talk
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Nitrogen-enrichment scenarios
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We study metal enrichment by WR stars in star cluster formation.



Young massive star cluster (YMC) formation
Cloud mass: 10°M

(a) X = 800M, pc2

(1) 0.6 Myr ( 0.4 tg) (2) 1.9 Myr ( 1.3 tg) (3) 2.9 Myr ( 2. tﬁ) (4) 4.4 Myr ( 3.0 tg)

(b) X = 400M, pc?

(1) 1.7 Myr ( 0.4 fﬁ) (2) 5.7 Myr ( 1.3 tff) (3) 8.5 Myr ( i ?Lﬁ) (4) 12.4 1\[\1 ( 3.0 ?Lﬁ) (HF & Yajima 202])

In diffuse clouds, radiative tfeedback suppress compact star cluster formation.



(a) Cloud evolution

YMC formation mechanism (HF & Yajima 2021)
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(1) Star formation starts (2) Stars begin to gravitationally bind (3) Thermal pressure cannot push
each other. ambient gas.

Condition of YMC formation:

Velocity of expanding shell (vg,) < escape velocity from the core (vqg.)



(a) Cloud evolution

YMC formation mechanism (HF & Yajima 2021)

( \ /
\/)
(b) Gravitational potential

. 1\.¢ N7

/

(Y
x il g

(1) Star formation starts (2) Stars begin to gravitationally bind (3) Thermal pressure cannot push
each other. ambient gas.

Condition of YMC formation:

M, —-1/5 S 2/5 T, 28/25
S>> Yo = 670M~pc2 - - ( )
cl thr @pC (106M®) (1047M615_1) 25)(104-1{

M. cloud mass, X : cloud surface density (X.,=M/mR?), R, : cloud radius




Simulation code:
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Non-Equilibrium chemistry Stellar evolution
H, Hz, H*, H-, H2*, e, CIl, Ol, Oll, Olll, CO Metal yield from SNe & stellar wind (He, N, C, O)
Heating & Cooling Stellar wind & SNe feedback
Photoionization & photodissociation heating Direct collapse (> 25Mp)
Line cooling (CII, CO, Ol, Oll, Olll), dust cooling o (Limongi & Chiefti 2018, Watanabe+23)
Chemical heating & cooling Mini-star cluster particles
\_ (Sugimura et al. 2020, CO network: Nelson & Langer 1997) y

EUV photons

FUV photons (H2, CO photodissociation)

_ Dust thermal emission (Rosdahl+13, HF&Yajima 21)

4 Radiation transfer with moment method (M1-closure, reduced speed of light) O
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Results:
Cloud mass:10°M, Radius:200pc, Metallicity: 107“Z
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Initial conditions: uniform density sphere with turbulence motions



Cloud mass:10°M), Radius:200pc, Metallicity: 107°Z

200
)
20
>

—200
(1) 4.4 Myr ( 0.9 tg) (2) 6.8 Myr ( 1.4 tg) (3) 9.3 Myr (2.0 tg) (4) 16.1 Myr ( 3.4 tg)

S

200

N/O]

—200

200

—200




IN/O], [O/H]:
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In compact clouds, nitrogen-enriched gas and stars are formed



Conditions of nitrogen enrichment in star cluster formation:

<= N-enriched star clusters

t .. timescale of star formation (2 tff)
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T 2t L. evolution timescale of WR stars (3Myr)
tsne: timescale of SNe (10Myr)
- Yinpe. Threshold surface density for
108 compact star cluster formation

(HF & Yajima 2021)

M . cloud mass, X, : cloud surface density (X,=M_/nR?), R : cloud radius



Conditions of nitrogen enrichment in star cluster formation:
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Conditions of nitrogen enrichment in star cluster formation:

N-enriched stars form only in blue shaded
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Summary:

We perform simulations of star cluster formation including stellar wind and
SNe feedback.

We found that recycling of ejected materials only when compact star cluster
formation occurs.

We predicted that nitrogen-enriched star clusters need to be more massive
than 1O6M@.

arXiv: 2404.10535




