MRE - FMRERATIRES2025 HIRKEH b Eam~

£ MRk
ShRARBEAIERETRA KON/ AOD
EDEHmEBELT

RE & i
<@> (Hajime FUKUSHIMA) M
'1
i )




HE 2

1. 2R EICERIEICDOWNT

2. JWSTIC L 2 @A REBRAICE T2 EXRBEROXER
3.2EMEE - REFROERATITT

4 2R ET A AONRAF AT —DEFEHEATITT

5. XA EBEFTE I — F DR



2 - EMFEKRICBITBAYEBRS—IL

R A% =
| | | | |
! ! ! | |
> 100 pc ~10 pc 0.1 pc <103 pc <107 pc pc: 3 x 103 km

EHAXT—ILDOHETIEIEICpc-aufRED R T —ILDIRRZ TR ET 5



2 - EMFEKRICBITBAYEBRS—IL

SRR

il

I
> 100 pc

|
<107 pc PC: 3 x 10" km

EHXT—ILDOHETIEIEICpc-aufRED R T —ILDIRRZTRET 5



 FITERIEIZDONT



EMMRARD T ) F

BEEIC L3RS 2R

®-®-

IEIRICE TS EFFEROTE
- BRI (TADSEANEZTMEINDEEG): T0%LLT
- ECRH#kEREE 1-5 Myr

(e.g., Fukui & Kawamura 2010, Kruijssen et al. 2019, Chevance et al. 2020)
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(e.g., Dale et al. 2012, Geen et al. 2015, Kim et al. 2018, 2020, He et al. 2019, Fujii et al. 2021)
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M = 10°Mg and Ry = 20, 25,30, 32.5, 35, 40pc ).
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Conditions for compact star cluster formation with top-heavy IMFs: Z= 1e-3Zsun
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(HF&Yajima 23)
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S, emissivity of ionizing photons per stellar mass, M: cloud mass, Tyyy: temperature of ionizing gas
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Luminosity functions & star formation efficiencies
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(Watanabe+23)

@ Wolf-Rayet star (@ Tidal disruption event 3 Supermassive star

BH

(Hubb‘le Legacy Archive, NASA, ESA)
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Models: (+= Stellar wind + SNe)

(Self-gravitational AMR (M)HD + Sink particles )
'SFUMATO
R TN (\Iatsumoto 2007, 2015)
- %
4 e - . . N
Non-Equilibrium chemistry Stellar evolution
H, H2, H*, H-, H2*, e, CII, 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)  (Limongi & Chieffi 2018)
Line C_oollng (QII, CO, Ol, _OII, Olll), dust cooling Mini star particles
Chemical heating & cooling
\_ (Sugimura et al. 2020, CO network: Nelson & Langer 1997) )

4 Radiation transfer with moment method (M1-closure, reduced speed of light) N

EUV photons
FUV photons (H2, CO photodissociation)

\ Dust thermal emission (Rosdahl+13, HF&Yajima 21) -
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(Nozaki, HF, Tokuda, Machida, 2025)
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(Nozaki, HF, Tokuda, Machida, 2025)
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(Matsumoto & HF in prep)
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Strecker synthesis R = Alkyl

\ Y
EE%E&&[%%%’_ Hen o "0
O - NH H.N CN ) HN cHO M H,N CO.H
S PUSID i e i e e pla \

R H -NH; R H R H
AN AP AA

,@ |$ Figure 1. Chiral intermediates leading to the formation of amino acid
according to the Strecker synthesis. The precursors before L-amino
acid (AA) are amino propanal (AP) and amino nitrile (AN).
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(HF, Yajima, Umemura, 2020, 2023)
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RILDHPCHEF D Ef[A] GPU (Graphics Processing Units)i&2EH 0 £ O A KERD
Top 500 (November 2025)
Mm: L8O a7 =B L -5 ErE

Rank  System Cores (PFlop/s) (PFlop/s) (kw]

(H100)

1 El Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C 11,340,000 1,809.00 2,821.10 29,685

e e e NVIDIA H100(PCle): 14592 cores (ZASADZTA F&Y)

DOE/SC/Oak Ridge National Laboratory

GPU#H,

United States a

3 Aurora - HPE Cray EX - Intel Exascale Compute Blade, 9,264,128 1,012.00 1,980.01 38,698 ' 1 ‘ XA
Xeon CPU Max 9470 52C 2.4GHz, Intel Data Center GPU / O p S e
Max, Slingshot-11, Intel i \ ’

DOE/SC/Argonne National Laboratory

United States G P U %ﬁ

4 JUPITER Booster - BullSequana XH3000, GH Superchip 4,801,344 1,000.00 1226.28 15,794

720 36Hz, NVIDIA GH200 Superchip, Quad-Rail NVIDIA ;—%%) | | P E C
InfiniBand NDR200, RedHat Enterprise Linux, EVIDEN Z ra
EuroHPC/FZJ GPU?K—?ﬂ =

Germany (=]

5 Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, 2,073,600 561.20 846.84 I I
:YJS;ZT;::WDM Infiniband NDR, Microsoft Azure / :/ X 7—_ L\ M \ / :/ Z 7—_ A P \
United tates GPU#E; Intel Xeon CPU Max 9480 Intel Xeon Platinum 8480+
6 HPC6 - HPE Cray EX235a, AMD Optimized 3rd Generation 3,143,520 471.90 60697 8,461 - BE L Y
EPYC 64C ZGHZ‘/AMD Instinct MI250X, Slingshot-11, RHEL i;g?fg 7 Téﬁ& 3.4 Tﬂogz - n_"jg 7 &HE 3.6 Tﬂogz
8.9, HPE J
:CySpA GPUP‘-{%& XEYNRVFIE 1600 GB/s XEYNRYVFIE 614 GB/s
(=] XEVE 64 GB XEVE 256 GB
7 Supercomputer Fugaku - Supercomputer Fugaku, A64FX 7,630,848 442.01 537.21 29,899 2 CPU/ 1node 2 CPU/ 1node
i T T /—FlA»&—axs b /—FMA>v&—axst
Japan InfiniBand NDR400 InfiniBand NDR200
8 Alps - HPE Cray EX254n, NVIDIA Grace 72C 3.16Hz, 2,121,600 43490 57484 7,124 208 node . 80 node
V\VDIAND:—WUTJLSup:r(‘h p‘:.wtngszm tﬂ‘ —::!:i((‘,]ray 0S, HPE gﬁ -2 T&ﬁ‘é 1.4 PﬂOpS @gﬁ‘ -7 'l&ﬁé 0.57 PflOpS
Swiss National Supercomputing Centre [CSCS) SN = , s 5
Switzerland G PU?{E}‘Zﬁ w7 23296 Ba7¥ 8960
\ on oa= I o~ =
9 LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation 2,752,704 379.70 53151 7,107 AEY/CFE 665 TB/s 2= : v ke e
EPYC 64C 26Hz, AMD Instinct MI250X, Slingshot-11, HPE c g 26.6 TB CU = 40.963 (Cfca o) 'U' /r I\ J: U )
EuroHPC/CSC SN
GPUR

10 Leonardo - BullSequana XH2000, Xeon Platinum 8358 32C 1,824,768 241.20 30631 7494
2.6GHz, NVIDIA A100 SXM4 64 GB, Quad-rail NVIDIA
HDR100 Infiniband, EVIDEN

y 3=y
E:[‘;HPC/C\N[CA G PU%‘%X



SFUMATO GPU

SFUMATO SFUMATO #

.; .'Selfgravitational Eluid-dynamics Uktilizing -;‘ :Selfgravitational Fluid-dynamics Utilizing
1/Mesh Adaptive Tequnique with Oct-tree iMesh Adaptive Tequnique with Oct-tree
(Matsumoto 2007) (HF & Matsumoto submitted to PASJ)
Programing language: Fortran90 (with MPI) Programing language: CUDA / HIP (with MPI)
Device: CPU - AR cell structure Device: CPU + GPU
Modules:
AMR cells
Hydrodynamics

Self-gravity

Star particles

Heating/Cooing processes



STEEE Nested grid 2563x 4  GPU: NVIDIA GH200
CPU: Intel Xeon Platinum 8468 (482 77)
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