
Research Day of Universe Cluster: 44Ti

9:30 From whence doth ye cometh, 44Ti? A. Parikh (TUM) 
9:40 Cosmic sources of 44Ti R. Diehl (MPE)
9:50 Gamma-ray lines from 44Ti sources: COMPTEL A. Iyudin (MSU, Moscow)

Gamma-ray lines from 44Ti sources: INTEGRAL M. Lang (MPE)
10:10 44Ti abundance ratio to other cosmic abundances R. Diehl (MPE)
10:20 44Ti traces and measurements in meteorites P. Hoppe (MPI, Mainz)
10:40 Discussion: “Observations”

11:00 Coffee break 

11:30 Modeling core-collapse supernovae A. Marek (MPA)
11:50 Core collapses and Gamma-Ray Bursts P. Mazzali (ESO)
12:10 The nature of the Cas A Supernova J. Vink (SRON, Utrecht) 
12:30 SNIa as 44Ti Sources? F. Roepke (MPA)
12:40 Discussion: “Models”

13:00 Lunch

14:00 Nuclear reaction network calculations A. Parikh (TUM)
14:10 Key nuclear reactions S. Bishop (TUM)

C. Vockenhuber (ETH, Zurich)
G. Rugel (TUM)
D. Bemmerer (FZD, Dresden)

14:50 Discussion: “Nuclear Physics”

15:10 Future Perspectives: the NARF project A. Parikh (TUM)
15:20 Open Discussion Forum 
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But τ depends on 
environment…
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Woosley, Arnett and Clayton (1973):  Explosive Si burning in ccSN → alpha-rich freeze-out
(Shock-heated single zone, followed by adiabatic expansion)

CHANDRA

10 ly

Cas A SNR in x-rays: d = 11 000 ly

~ 340 y post-explosion
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“The nature of explosive oxygen and silicon burning has been investigated…The results show that a 
large fraction of elements in the mass range 28 < A < 62 can be produced by these processes in 
amounts consistent with their solar abundances…”

“Only the nuclei 44Ca, 54Cr and 58Fe find no simple source in these explosions.  Their origins will 
probably lie in a small amount of special ejecta enriched in these isotopes due to specific causes.”



44Ti:  From whence doth ye cometh? 

Woosley, Arnett and Clayton (1973):  Explosive Si burning in ccSN → alpha-rich freeze-out
(Shock-heated single zone, followed by adiabatic expansion)

Woosley and Hoffman (1991): “The presence of substantial 44Ti is an indicator of a strong alpha-rich freeze-
out.  There is no other place it can be made.”

predicted 44Ti / event frequency
ccSN (Woo95, Thi96, Rau02, Lim03) <10-4 Msol ~3/100y
Type Ia SN (Iwa99, Tra04, Roe05) ~10-6 – 10-5 Msol ~0.3/100y
He-detonated, sub-Chand. TN SN (Woo94, Liv95) ~10-3 – 10-2 Msol rare…

“The nature of explosive oxygen and silicon burning has been investigated…The results show that a 
large fraction of elements in the mass range 28 < A < 62 can be produced by these processes in 
amounts consistent with their solar abundances…”

“Only the nuclei 44Ca, 54Cr and 58Fe find no simple source in these explosions.  Their origins will 
probably lie in a small amount of special ejecta enriched in these isotopes due to specific causes.”

In ccSN: 44Ti would be in the deepest layers of the ejecta  → mass cut, 44Ti / 56Fe
44Ti helps power the late lightcurve (> 1500 d, supplanting 56Co (77 d), 57Co (272 d))
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Murchison: 1969, Australia, > 100 kg

SiC X grains show isotopic ratios distinct from ‘mainstream’ SiC grains, including high 44Ca/40Ca 
ratios relative to solar (as large as 138x [Nit96]).

SN origin? Grains sample different production events, different portions of SN interior…

Need relative direct production of 44Ti and 44Ca in SNe (1:1? [Tim96])
→ also important for 44Ca solar constraint → GCE → current 44Ti production rate



44Ti:  From whence doth ye cometh? 

The et al. (1998):  “Nuclear reactions governing the nucleosynthesis of 44Ti”

- single zone with Ti = 5.5 GK, ρi = 107 g/cm3 → adiabatic expansion
- same conditions as Woosley and Hoffman (1991) (i.e. Si burning → alpha-rich freeze-out)
- post-processing sensitivity study 

Woosley et al. 1973



44Ti:  From whence doth ye cometh? 

Based on: 44Ti ejection in ccSN ~ 10-4 Msol (~CasA)

experimental rate measurements

Galactic ccSN rate ~ 3 / 100 y

t1/2 (44Ti) = 59 y

current detection limits (down to 10-5 ph/cm2/s)

Expect: ~ several currently detectable 44Ti γ-ray sources

Observed: only one clear source (Cas A) far from the inner Galaxy!

The et al. 2006: “Are 44Ti producing Supernovae Exceptional?”
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