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Massive Stars in the GC
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Cumulative winds from ~ 30 WR stars form the Sgr A* accretion flow



The Galactic Center in X-ray

2 armin=4.8 pc

(a)

Chandra 2-8 keV tricolor flux map of the Galactic Center
(Red: 2-3.3 keV, Green: 3.3-4.7 keV, Blue: 4.7-8 keV, Hua+25)

Very Deep Chandra Observations

>6 Ms towards Sgr A* (NSC)
~2 Ms centered ~600 arcsec away
from Sgr A* (“NSD”)

3619 point sources in NSC
(Zhu+18)

1317 point sources in “NSD”
(Hua+26, in preparation)




The X-ray ridge structure produced by
interaction between the cumulative stellar
wind and Sgr A East ejecta

(Best CCSN model: Egy = 5x10°? erg, M, = 10 M)
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Arches and Quintuplet: Colliding wind

Colliding wind binaries
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Edd 1 is also : Arora+24



06 X-ray Spectra
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The 2-8 keV spectra of IRS 13E (Hua+23)



o7 WR Stellar wind assumption

Wolf—Rayet stars are evolved massive stars with
hydrogen-depleted, C/N-enriched winds.
(Crowther 2007)

Light element composition:

Hydrogen-depleted scenario:
Z H=0.1,Z He=1,Z C=4,Z N=3
(WR wind condition , Martins et al. 2007)

Hydrogen-normal scenario:
Z H=1,Z He=1,Z C=1,Z N=1
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Solar to sub-solar abundances

Abundance ratios remain unchanged

Consistent abundances across
structures



Abundance
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Super-solar metallicity indicated by several
NIR observations
(Feldmeier+17,20;, Do+15,18; Ford+26)

100 F mean =0.26 dex
30k median = 0.29 dex
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Cumulative wind yields from massive
stars with Z/Z=2 (Limongi&Chieffi 18)
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Sub-solar metallicity in the Sgr A*
accretion flow

Consistent with the results of
RIAF modelling based on HETG
spectra (Balakrishinan+26)



Measurements of Heavy Elemental Abundances in GC WR-stellar winds.
* Hydrogen depletion is critical for abundance estimates in WR winds.

* Similar abundances may imply a common origin of young massive clusters.
* Edd-1 shows distinct properties, suggesting a different formation history.
* Sgr A* accretion flow is hydrogen-depleted and metal-poor.

Related Works: 1. Hua, Z., Li, Z., Zhang, M., Chen, Z.,
& Morris, M. R. 2023, MNRAS, 522, 635

2. Hua, Z., & Li, Z. 2025, MNRAS, 540, 3850
Read the published papers for details =—p
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