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Metal factories
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RGS & Nitrogen

Reflection Grating 
Spectrometers

de Plaa et al. 2017

See also e.g., Werner et al. 2006, Sanders & Fabian (2011)
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Emissivity — Temperature

See also Sanders & Fabian (2011)8 out of 44 in the CHEERS sample (ZN > 3σ) 
more exposure for a few low-T systems
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Enrichment timescale

Mao et al. 2019 

O: SNcc, massive progenitors 
Fe: SNIa (delay)

N: AGBs, low- and 
intermediate- mass 

progenitors



Stellar yields

Mao et al. 2019 

• A mix of SNcc and SNIa enrichment is required for [O/Fe] 
• SNe enrichment is not enough to explain [N/O]



NGC 5044

Mao et al. 2019 

Excluded from the fit Nitrogen enrichment can be 
explained by AGBs



Model degeneracy

Mao et al. 2019 
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“Essentially, all 
models are wrong, 

but some are useful.” 

George 
E. P. Box



Odd-Z elements (N, Na, Al)
• Initial 

metallicity of 
progenitors 

• Need more 
observations 

• Higher spectral 
resolution & 
large effective 
area (XRISM, 
Athena/XIFU, 
HUBS)

Nomoto et al. 2006 & 2013, Sanders & Fabian (2011), Paerels et al. 2014



Future perspectives
M87 core 
(100 ks)

Cucchetti et al. 2018 

• Abundances from Carbon to Zinc 
in the core region 

• Average abundance ratios with 
respect to Fe within R500 at z ~0.1 

Thanks for your attention!

Kitayama et al. 2014 


