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44Ti: Nuclear network calculations

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

- post-processing sensitivity study

- single zone with T, = 5.5 GK, p, = 107 g/cm3 — adiabatic expansion of 28Si + 39Si matter

- p o T3, p, declines exponentially in time

- T — 0.25 GK (charged particle freeze-out)

- same conditions as Woosley and Hoffman (1991) (i.e. Si burning — alpha-rich freeze-out)

- repeated for 3 values of n = 0 (He core), = 0.002 (C/O core); = 0.006 (Si core)
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44Ti: Nuclear network calculations

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

- post-processing sensitivity study
- single zone with T, = 5.5 GK, p, = 107 g/cm?3 — adiabatic expansion of 28Si + 39Si matter
- p o T3, p, declines exponentially in time
- T — 0.25 GK (charged particle freeze-out)
- same conditions as Woosley and Hoffman (1991) (i.e. Si burning — alpha-rich freeze-out)
- repeated for 3 values of n = 0 (He core), = 0.002 (C/O core); = 0.006 (Si core)
- reaction network: H— Br (Z =1 — 35)
(a,7), (o,p), (o,n), (p,7), (p,n), (n,y) reactions

experimental rates when possible; majority (esp. near #4Ti) from SMOKER

multiplying rates individually by uniform, T-independent factors of 100/ 0.01
— look at effects on final yields of #4Ti



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

TABLE 4
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Rescrion Rare MutieLen ey 1/100 Reacion Rate MuLteLen sy 100

Reaction-rates to which

**Ti Change **Ti Change 44T | ™ .
Ban Reaction {percent) Reaction (percent) TI IS MOST sensitive:
| R Tifw, p)*"V +173 *Vip, y)*°Cr —98 .
2. w21, 3y 2C ~100 o2z, 7)'*C +67 4“Ti(a,p)*'VvV
3o +9Ca(z, )**Ti -7 +Ti(w, pi*7V —89
4. *¥(p, y1*°Cr +57 o, y)**Cr —61
ST *TNi(p, 7)**Cu —47 *Cofp, n)*"Ni +25 SV(p,y) 46Cr
6o "Colp, n)*"Ni gt 0Ca(x, y**Ti +:
T e, BN(p, 7)1*0 —16 “TNifn, y)**Ni +10
B *FCu(p, v)*"Zn —14 Fe(n, n)*Ni +9.4 40 44T
9o *Arx, p) 'K —11 Az p)'K +55 Ca(a’Y) Ti
10...... 12C(a, )10 +15 3 Ar(a, 7)*°Ca +53
44Ti(a,y) “8Cr
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E I *“Ca[:t:j.'}“Ti —65 27 ANz, m)?°P — 56 PrOba bly not...
4. M Ne(x, v)**Mg -11 08ija, m)**8 —39
LI 0Si(p, 7)°' P —9.6 120, 5)'*0 +19
6o ®Ar(, p)*°K —15 0Ca(a, 7/**Ti +15
Tenannn =T Al p)*°Si —4.0 *Nifa, v)**En —8.7
B, 335(p, 7)**Cl +38 7 Al(p, 7)**Si +6.0
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10...... 08i(w, n)*?S +15 Rz, py**Ca +53




44Ti: Nuclear network calculations

Hoffman et al. (1999). “The Reaction Rate Sensitivity of Nucleosynthesis in Type Il Supernovae”

- 1-D hydro code (KEPLER), co-processing with 200 isotope network (H — Kr)
- induced explosions of 15 and 25 M, stars: inward, outward moving piston (WW295)
— Vison CAUSES KE; Of ejecta ~ 1 — 2 foe

— piston position + energy gives mass cut

- reaction network: experimental when possible
— 2 sets of theoretical HF rates (SMOKER, CRSEC) for heavier masses

- ejected yields from using these 2 different theoretical reaction libraries compared
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- 1-D hydro code (KEPLER), co-processing with 200 isotope network (H — Kr)
- induced explosions of 15 and 25 M, stars: inward, outward moving piston (WW295)
— Vison CAUSES KE; Of ejecta ~ 1 — 2 foe

— piston position + energy gives mass cut

- reaction network: experimental when possible
— 2 sets of theoretical HF rates (SMOKER, CRSEC) for heavier masses

- ejected yields from using these 2 different theoretical reaction libraries compared

Ejected yields :15 M__, model
WFHZ TAT
1z (M) (My)  WFHZ/TAT

22Na...... 8.10(—8)  9.68(—8) 0.84

80Fe ...... 3.35(—6)  5.51(—6) 0.61
80Co....... 5.63—6)  2.60(—6) 217
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Hoffman et al. (1999): “The Reaction Rate Sensitivity of Nucleosynthesis in Type |l Supernovae”

ComMpARISON OF STELLAR (2, 7) REACTION RATES O SELF-COrruGaATE NucLEr Deriven mrom THE CRSEC,
SMOKER, anp NON-SMOKER Starsticar Mooer Cones

CRSEC SMOEKER NONSMOKER
Reaction T, fem? s ' mole™') (em®s” ! mole™’) SM/CR (cm® 57! mole™ )
Mgn, p) 58I 25 1.1(1) 371 336 280
88 7S L 25 3E—-1) 4500 11.711 46(—1)
28w AT L. 25 23-1 B9—1) 387 9.4—2)
cy i p— p— — - 1.6(—3)
M Calm, 7)**Ti...... ; . 13-3)
...... . ’ 1LB(—35)
WFHZ TAT NONSMOKER
Reaction T, fcm® s 'mole™} (cm® s mole™ ") TAT/WFHZ fcm?® 57! mole™ ')
3Q0n, ¥R ... e i5 5.4(5) 6.9(5) 1.28 8.4(5)
o = - = — 6.243)
8in, 1)*"8i ......... . 347) 34T
S —— - —_ - . 1.8(6)
Kin, 2)*"ClL........ 1.0 1L.UT) B.5(6) 077 T.6{6)
“PKin, py* Ar........ 1.0 4.5(6) 1L.8(6) 0.40 1.8(6)
**Caln, y/**Ca ...... 1.0 1.6{6) 2.5(6) 1.56 1.7{&)
1T . 47 3 [} g 0 W 4.?15]‘
Q.6(—3)
: : 1LOT)
**Tin, p)**Sc........ i5 1L.T(&) 248) 1.41 25(8)
**Calp, y/*"*8c ....... i5 ERUE Y 154 0.90 144
8clip, )" Ti ... ] 1.44) 2.5(4) 208 1.a{4)
Vi, YTV e 35 2.8(6) 21(6) 0.75 39(6)
B nin, y)""Zn ...... 1.0 6.6{6) 13T 197 LT

T Znlin, 7' Zn...... 1.0 1.4i6) 2.4(6) 1.71 26(6)




44Ti: Nuclear network calculations

The et al. 1998

Reaction-rates to which
44Ti is MOST sensitive: Hoffman et al. 1999

4“4Ti(a,p)*'V

“V(p,y) *°Cr e
Az (M) (M) WFHZ/TAT
40Ca(a,y) 4Ti 22Na...... 8.10(—8)  9.68(—8) 0.84

#Ti(a,y) *Cr

27Al(a,n) 30P “Fe ...... 3.35(—6)  5.51(—6) 0.61

“Co...... 5.63(—6)  2.60(—6) 217
*Si(a,n) =S Ejected yields :15 M, model

Is a factor 100 justified?
Probably not...




