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From whence doth ye cometh, #Ti?
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TABLE 1. Summary of previous measurements of **Ti half-life.

Half-life (years)* Method used for the measurement” Reference
464417 Specific activity (MS + 3 activity) [15]
48.2409 Specific activity (MS 4 y activity) [16]
54.242.1 Specific activity (AMS + - activity) [17]
66.641.6 Decay (8 activity) [18]
6313 Decay (y activity) [19]
59.0+£0.6 Decay (y activity relative to *'Co) [8]
60.3+£1.3 Specific activity (HISP + y activity) [20]
6242 Decay (y activity relative to **Na) [21]
60.7+£1.2 Decay (y activity) [22]
59+2 Specific activity (HISP + y activity) [23]

*lo uncertainties are given except for Ref. [18], where the authors
report 2o uncertainty.
b Abbreviations: MS = mass spectrometry; AMS = accelerator mass
spectrometry; HISP = heavy-ion spallation reaction with on-line
counting of **Ti ions.

Ahmad et al. (2006): 58.9 £ 0.3y
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But T depends on

environment...

TABLE 1. Summary of previous measurements of **Ti half-life.

Half-life (years)* Method used for the measurement” Reference
464417 Specific activity (MS + 3 activity) [15]
48.2409 Specific activity (MS 4 y activity) [16]
54.242.1 Specific activity (AMS + - activity) [17]
66.641.6 Decay (8 activity) [18]
6313 Decay (y activity) [19]
59.0+£0.6 Decay (y activity relative to *'Co) [8]
60.3+£1.3 Specific activity (HISP + y activity) [20]
6242 Decay (y activity relative to **Na) [21]
60.7+£1.2 Decay (y activity) [22]
59+2 Specific activity (HISP + y activity) [23]

*lo uncertainties are given except for Ref. [18], where the authors
report 2o uncertainty.
b Abbreviations: MS = mass spectrometry; AMS = accelerator mass
spectrometry; HISP = heavy-ion spallation reaction with on-line
counting of **Ti ions.
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“Ti: 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)

d = 11000 ly

~ 340 y post-explosion

CHANDRA



“Ti: 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)
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“Ti: From whence doth ye cometh?

Woosley, Arnett and Clayton (1973): Explosive Si burning in ccSN — alpha-rich freeze-out

X¢ (ZR)

(Shock-heated single zone, followed by adiabatic expansion)
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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...”

[1 1 i [ 1
“Only the nuclei *Ca, >*Cr and *®Fe 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.”
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“Ti: 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)

“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 *Ca, >*Cr and *®Fe 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.”

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

predicted HTi / event frequency
ccSN (Wo0095, Thi96, Rau02, Lim03) <10*M_, ~3/100y
Type Ia SN (1wa99, Tra04, Roe05) ~10°¢—10° M_ ~0.3/100y
He-detonated, sub-Chand. TN SN (Wo094, Liv95) ~10° - 102 M_ rare. ..

In ccSN: 44Ti would be in the deepest layers of the ejecta — mass cut, 4Ti / °6Fe
44Ti helps power the late lightcurve (> 1500 d, supplanting >6Co (77 d), °’Co (272 d))
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Murchison

Murchison: 1969, Australia, > 100 kg JKU  X11,008 IFm

SiC X grains show isotopic ratios distinct from ‘mainstream’ SiC grains, including high *“*Ca/#’Ca
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 **Ti and *Ca in SNe (1:1? [Tim96])

—> also important for **Ca solar constraint = GCE — current *Ti production rate
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The et al. (1998): “Nuclear reactions governing the nucleosynthesis of 4Ti"

- single zone with T, = 5.5 GK, p, = 107 g/cm3® — adiabatic expansion
- same conditions as Woosley and Hoffman (1991) (i.e. Si burning — alpha-rich freeze-out)
- post-processing sensitivity study
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Based on:

Expect:

Observed:

44Ti ejection in ccSN ~ 104 M, (~CasA)

experimental rate measurements
Galactic ccSN rate ~3/100y
t,, (44Ti) =59y

current detection limits (down to 10-° ph/cm?2/s)

~ several currently detectable 44Ti y-ray sources

only one clear source (Cas A) far from the inner Galaxy!
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Fig. 2. The expected Ti sky of 10 simulated galaxies of model A where the supernova recurrence time is taken to be 30 years and the supernovae

ratio of la:Ib:11=0.10:0.15:0.75. Simulating a 10° galaxy sky, a gamma-ray detector with a detection limit of 10~ cm™’s
probability of detecting 0, 1, and 2 *Ti sources of 0.0017, 0.012, and 0.037, respectively. A slightly better instrument than the 10~ cm™s

25! would have a

detection limit would detect several *Ti sources.



