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• Titanium-44 in SNe II

• Explosive nucleosynthesis in SNe II

• Stardust from other supernovae?

Overview



by Larry Nittler, not to scale



Dust Formation After Supernova Explosion

▪ The elemental composition of a grain is determined by both the gas composition 

and condensation condition (P/T)

▪ The isotopic composition of a gran is determined by that of the ejecta from which 

the grain condensed

Massive amount of dust formed in SN 1987a



Stellar Origins of Presolar Grains
from Liu (2025) Presolar Grains

• Prolific dust producers

• Low-mass stars, i.e.,

high in abundance

• Prolific dust producers

• Massive stars, i.e., large

amounts of ejected mass



Presolar Grain Analysis
in Laboratory

CHILI

(Chicago Instrument for Laser Ionization)

Stephan et al. (2016) IJMS
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Resonance Ionization Mass Spectrometry

(concentration down to ppm-ppb level)

Secondary Ion Mass Spectrometry

(without significant isobaric interferences)

six tunable lasers allow 

simultaneous detection of all 

isotopes of three elements



Microscope vs Telescope Isotope Analysis

from Liu et al. (2022) Universe
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Plots above based on data from presolar grain database (Hynes and Gyngard 

2009) and stellar observations from Lebzelter et al. (2015) and Hinkle et al. (2016) 



▪ Basics of Presolar Stardust Grains

▪ Supernovae and Their Stardust

• Titanium-44 in SNe II

• Explosive nucleosynthesis in SNe II

• Stardust from other supernovae?

Overview



44Ti gamma ray

emission lines

from Boggs et al. (2015) Science

Titanium-44: Smoking Gun of Supernova Nucleosynthesis

Cas A

from Grefenstette et al. (2016) ApJ

SN 1987A



Inferred Initial Presence of 44Ti in Type-X SiC Grains

Fig. 2 from Liu, N. et al. (2024) Space Science Reviews 8, 88

𝛿44Ca = {[(44Ca/40Ca)grain/(
44Ca/40Ca)solar]−1}×1000



No Initial Presence of 44Ti in Presolar Silicate Grains
No spatial correlation

between 44Ca+ and 48Ti+
Heterogenous GCE?

What is the stellar contributor for the heterogenous GCE

effect on 44Ca? (not typical Type II SNe)

Fig. 7 from Liu et al. (2024) SSR



44Ti Excesses in Type-X SiC Grains

29,30Si-rich,
44Ti-free

1. Neutron Burst

2. Explosive H Burning



44Ti gamma ray

emission lines

from Boggs et al. (2015) Science

Titanium-44: Smoking Gun of Supernova Nucleosynthesis

Cas A

from Grefenstette et al. (2016) ApJ

SN 1987A
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Neutron Burst in He/C Zone

nn(cm-3)

T9 (K)

22Ne(𝛼,n)25Mg

Neutron Burst

Walls et al. (2025)

LPSC abstract

X grain

MS grain

Mo Isotope Data

Pellin et al. (1999)

LPSC abstract

He/C zone: C-rich,

neutron burst

Fe/Ni & Si/S: rich in 𝛼-

isotopes (e.g., 28Si)



X Grains Incorporated He/C, Si/S, and Solar Material

See poster “Presolar Grains as Probes of Supernova Nucleosynthesis” by Liu et al. for details



The preservation of neutron-burst

signatures in X grains favor

explosive H burning in He/N zone

22Ne(p,𝛾)23Na >22Ne(𝛼,n)25Mg at T9 K

Explosive H Burning Occurs He/C or He/N zone?

X grain data

• Triple alpha reaction leads

to pure 12C in He-rich shells

• 12C(p,𝛾)13N(𝛽-)13C

28Si-rich,
12C-rich

Fig. 9 from Liu et al.

(2024) SSR
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Presolar Nanospinel Grains

Potential origins include Chandra SNIa, electron-capture SNe, and Type II SNe

from Nittler et al. (2018) ApJL



Type Ia and Electron-capture Supernovae

from Nittler et al. (2018) ApJL



Type II Supernovae are Also Possible!

from Liu et al. (2024) SSR



Conclusions

▪
44Ti is the smoking gun of supernova nucleosynthesis and confirms 

the Type II supernova origins for presolar X SiC grains

▪ X grains’ isotopic signatures constrains the neutron exposure (≤0.8 

mb-1) for neutron-burst and the location of explosive H-burning 

(He/N zone) in He-rich zones of Type II supernovae

▪ X grains’ multi-element isotope data allow us to disentangle mixing 

between different supernova zones and place constraints on key 

nuclear reaction rates

▪ While nanospinel grains may suggest origins in Type Ia or electron-

capture supernovae, a Type II origin remains plausible with zone-

specific mixing, underscoring the importance of 3D hydrodynamic 

simulations



Backup Slides




	Slide 1
	Slide 2
	Slide 3
	Slide 4: Dust Formation After Supernova Explosion
	Slide 5: Stellar Origins of Presolar Grains
	Slide 6: Presolar Grain Analysis in Laboratory
	Slide 7: Microscope vs Telescope Isotope Analysis
	Slide 8
	Slide 9: Titanium-44: Smoking Gun of Supernova Nucleosynthesis
	Slide 10: Inferred Initial Presence of 44Ti in Type-X SiC Grains
	Slide 11: No Initial Presence of 44Ti in Presolar Silicate Grains
	Slide 12: 44Ti Excesses in Type-X SiC Grains
	Slide 13: Titanium-44: Smoking Gun of Supernova Nucleosynthesis
	Slide 14
	Slide 15: Neutron Burst in He/C Zone
	Slide 16
	Slide 17: Explosive H Burning Occurs He/C or He/N zone?
	Slide 18
	Slide 19: Presolar Nanospinel Grains
	Slide 20: Type Ia and Electron-capture Supernovae 
	Slide 21: Type II Supernovae are Also Possible!
	Slide 22: Conclusions
	Slide 23: Backup Slides
	Slide 24

