“Ca(oy)*T1 at DRAGON
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Motivation

44T 18 one of the few radionuclides where direct observation
has been found

live by y-ray astronomy (Cas A)
extinct by *“Ca excess in SiC grains

AMS measurement indicates that 4°Ca{a,y)*Ti 1s about factor
10 higher (M. Paul, NIC8)

Half-life 1s important to measure SN yield (t,,=59.2+ 0.2 y)
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COMPTEL observations of *Ti gamma-ray line
emission from Cas A

AF. Iyudin', B. Diehl', H. Bloemen®, W. Hermsen®, G.G. Lichti’, D. Morris’, J. Ryan’,
V. Schnfelder’, H. Steinle’, M. VarendarfT', C. de Vries®, and C. Winkler*

Mux-Planck-Instvtat fiir Extratemrestrische Physik, Giessenbachstrasse, D-R5 740 Garching bei Minchen, Germary
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¥ Astrophysecs Divimian, Space Scwence Depatment of ESAESTED, NL-2200 AG Noordwijk, The Netherlands

Receved 6 Jamary 1Y Abatract. The COMPTEL telescope aboard the Comp-
ton Gamma-Ray Observatory (CGRO) is capable of imaging
gamma-ray line sources in the MeV region with a sensitivity of
the order 10™° photons/(cm®s). During two observation peri-
ods in July 1992 and February 1993 the Galactic plane in the
region of the young supernova remnant Cas A was observed,

showing evidence fmw from the decay
of **Ti at a significance level of ~ 4 0.

W;ﬁﬁmm remnant has been de-
tected in the gamma-ray line from **Ti decay. Adopting a dis-
tance of 2.8 kE.¢ to the Cas A remnant, the messured line flux
(7.0£1.7)-10~* photons/(cm? ), can be translated into a **Ti
mass ejecied during the Cas A supernova explosion, between
(1.42£0.4)-10"* Mg and (3.240.8)-10™* Mg , depending on the
precise value of the ' Ti mean life time and on the precise date
of the event. Implications of thia result for supernova nucle
osynihesis models are discussed.

Key words: Gamma-rays: observations - Line: identification
~ Supernovas: individual: Cas A
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EXTINCT *Ti IN PRESOLAR GRAPHITE AND SiC: PROOF OF A SUPERNOVA ORIGIN

Larkry R. NIrTLER,! SacHIKO AMaRL) 2 ErnsT ZINNER 5. E. WoosLEy,* anD Roy 5. LEwis®
Received 1996 Junwary 25; accepted 1936 February 20

ABSTRACT

Laree excesses in “'Ca, from the radioactive decay of short-lived **Ti, have been observed in four low-density
graphite grains and five SiC grains of type X extracted from the Murchison meteorite. Titanium-46, *Ti. and *'Ti
excesses were also observed n several of these grains. Because *Tiis only produced in supernovae, these grains
must have a supernova origin. Moreover, Si-, C-, N-, Al-, O-_ and Ti-isotopic compositions of the grains require
a Type Il supernova source, and indicate extensive and heterogencous mixing of different supernova regions,
including the nickel core.
Subject headings: dust, extinction — nuclear reactions, nucleosynthesis, abundances — supernovae: general
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NUCLEAR REACTIONS GOVERNING THE NUCLEOSYNTHESIS OF **Ti

L.-S. THE, D. D. CLayTon, L. JIN, anp B. 5. MEYER
Department of Physics and Astronomy, Clemson University, Clemson, 5C 29634-1911

Received 1997 October 28 accepted 1998 April 7

ABSTRACT

Large excesses of **Ca in certain presolar graphite and silicon carbide grains give strong evidence for
“Ti production in supernovae. Furthermore, recent detection of the **Ti y line from the Cas A super-
nova remnant by the Compton Gamma Ray Observatory Compton Telescope shows that radioactive **Ti
is produced in supernovae. These make the **Ti abundance an observable diagnostic of supernovae.
Through use of a nuclear reaction network, we have systematically varied reaction rates and groups of
reaction rates to experimentally identify those that govern **Ti abundance in core-collapse supernova
nucleosynthesis. We survey the nuclear-rate dependence by repeated calculations of the identical adia-
batic expansion, with peak temperature and density chosen to be 5.5 x 10 K and 10" g em ™, respec-
tively, to approximate the conditions in detailed supernova models. We find that, for equal total
numbers of neutrons and protons (y = 0), **Ti production is most sensitive to the following reaction
rates: **Ti(e, pl*"V, a(2x 7)'2C, **Tifz, 7v)**Cr. and **V(p. 7)*°Cr. We tabulate the most sensitive reac-
tions in order of their importance to the **Ti production near the standard values of currently accepted
reaction rates, at both a reduced reaction rate (times 0.01) and an ncreased reaction rate (times 104)
relative to their standard values. Although most reactions retain their importance for n > 0, that of
*V(p, y)*"Cr drops rapidly for 5 = 0.0004. Other reactions assume greater significance at greater neutron
excess: '*Clz, 7)'*0, *"Calz,yV*"*Ti. *'Aliz, n)**P, *"Si(x, n)*’S. Because many of these rates are
unknown experimentally, our results suggest the most important targets for future cross section measure-
ments governing the value of this observable abundance.

Subject headings: nuclear reactions, nucleosynthesis, abundances — supernovae: general



TABLE 4
ORDER OF IMPORTANCE OF REACTIONS PRODUCING **Ti AT n = 0

ReactioNn Rate MuLTipLIED BY 1/100 ReacTioN RaTE MuLTIPLIED BY 100

**Ti Change **Ti Change
RANK Reaction (percent) Reaction (percent)
Loy inas BTz, py*'Vv +173 “Vip, 7)*°Cr —98
D (20, 7)'2C — 100 a(2a, 7)'2C +67
3. YCa(a, y)*°Ti -T2 Tifa, p)*'V —89
4....... +3¥(p, 7)*°Cr +57 **Ti(a, y)**Cr —61
B s STNi(p, v)**Cu —47 HﬂCﬂ[p, n)* "Ni +25
by *"Colp, n)° "Ni —33 “Ca(e, 1) Ti +22
7 LN(p, 5)140 _16 STNi(m, )" Ni +10
8. BCulp, )**Zn —14 **Fe(x, n)* "Ni +9.4
B o o Ar(a, p)*'K —11 O Ar(x, p*'K + 5.5
10... 2w, 7)' %0 +35 A r(a, 7)*°Ca + 5.3




TABLE 7

ORDER OF IMPORTANCE OF REACTIONS PRODUCING **Ti AT 5 = 0.002

REACTION RATE MuULTIPLIED BY 1/100 REACTION RATE MULTIPLIED BY 100
“*Ti Change **Ti Change
RANK Reaction (percent) Reaction (percent)
L i, pp*'V + 208 “Ti(w, p)*'V —03
2.. L2C(a, 7)' %0 —72 44Ti(a, 7)**Cr — 66
r, *OCala, 1)**Ti —66 2TAl(z, n)*"P — 60
4... *"Ne(x, 7)"*Mg —16 308i(x, n)**S — 33
8 20Si(p, 7' P —9.2 2C(e, 4)' 0 +18
6... *Ar(x, p)'K -7.9 *0Ca(a, 3)**Ti +15
s - S"Ni(p, n)**Cu —4.7 23Na(z, p)*"Mg —4.7
g S"Ni(p, 7)°°Cu —4.7 ¥K(z, p)**Ca +4.7
! “Ti(w, )**Cr +2.8 *7Al(p, 7)*5Si +4.3
10... 2TAl(a, n)*°P +2.7 Mgz, 7)*%Si +4.2




TABLE 8
ORDER OF IMPORTANCE OF REACTIONS PrRODUCING **Ti AT 1 = 0.006

ReacTiON RATE MULTIPLIED BY 1/100 ReacTiON RATE MULTIPLIED BY 100

**Ti Change **Ti Change
RANK Reaction (percent) Reaction (percent)
e WTi(a, p)*’V +211 *Ti(a, p)*’V —93
A H2C(a, 9)'%0 : -79 “:"Ti{c.:, 1*eCr — 65
. 1 OCale 1T —65 “TAla, n)*'P — 56
4.. 20Ne(x, v)**Mg —11 08i(x, n)*'S —39
- pas” f  Saew
e “€£ p =il 2, ¥ 1 +
Y irane 2TAl(e, p)*USi —40 S Ni(a, «,-}fjfzj_n —8.7
© 338(p, 1)°*Cl +38 27Al(p, v)? “ Si +6.0
L+ S YOet, 7)*"Ne —38 4 Mg, 7)*5Si +6.0
10, W8ia, n)* S +3.5 YWK(a, p)**Ca +3.3




TABLE 5

ORDER OF IMPORTANCE OF
ReacTiONS PRODUCING

“TiaT =10
Reaction Slope
i) Vs —0.394
a(2a, 7)12C .......... +0.386
V(p, y)*°Cr ....... —0.361
o € ALt i b OO +0,137
TCo{p, ny’ 'Ni....... +0.102
e Ar(e, p)OK ..o +0.037
*4Ti(a, 7)**Cr....... —0.024
i, | iy © L —0.017
STNi(p, 7)*%Cu....... +0.013
8Cu(p, y)**Zn...... +0.011
*eAr(ee, y)*"Ca. ...... + 0,008
g 111 ) i’ S —0.005
TColp, )5 ...ui +0.002
*TNi(n, 7)**Cu....... +0.002
34Fe(x, n)*'Ni ...... +0.002
HCalx, P8 o —0.002

* Order of importance of reac-
tions producing **Ti at 5 =0
according to the slope of X(**Ti)
near the standard reaction rates,
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TABLE 1
Decay propertics of *°Ca(x, #)**Ti resonances observed in this work

Resonance  Resonance  Transition Final-state J= Mixing Branching
energy Jx energy energy ratio ratio
{keV) (keV) (keV) E2/M1 (%)

763420 ? 5730 1904 o+ 38420

7634 0 0+ 62420

BOGT-L20 ? 2067 o 0+ 100

83184 5 ? 5432 2886 "8 464-10

7235 1083 2% 34410
Big5+ 5§ * 3449 2886 2% ? 30+10
7302 1083 2* ? 2010
8385 0 0* 30-L10
84164 5 0+, 1) 7333 1083 2t 100
B4494- 5 ¥ 5995 2454 4+ 21410
1366 1083 2T 0 -+ +4.0 7910

85114% 5 2% 7428 1083 2* =01 = +1.0 100

85344 5 (2%,37) 7451 1083 2+ ~ L0~ —0.5 100

83654- 5 g 3200 3365 4% 20410

6034 2531 2t =10 = —0.5 18410

7482 1083 27 —0.1 = +1.0 62410
8627+ 6 2+ 1544 1083 2% 100
8639+ 6 2% 7556 1083 2+ —0.1 =+ +1.0 75410

8639 0 0+ 25410
8156+ 5 2* 5330 3415 (2, 3)

or 3

4803 3942 3=

7662 1083 2t = —0.6 0L §

8745 0 0 254 3

E.L. Copperman et al, Mucl Phys. 4284 (19773 163



