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Type-l X-ray Burst Nucleosynthesis
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Type-l X-ray Burst Nucleosynthesis
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Indirect Measurements

Ideally we would measure the (p,y) reaction directly,
but this usually is not feasible
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Instead, measure indirectly
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Indirect Measurements
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These are the required
ingredients to compute
the reaction rate




Structural Information of “°*Mn

2*Mg(#*Si,pn) — C.D. O’Leary et al.,
PRL 79 (1997), 4349

No low-/ transfers known in the
astrophysically relevant region
above S, = 2088(8) keV




Structural Information of “°*Mn

“*Ti(a,n) — F. Brandolini et al.,
PRC 73 (2006), 024313

An evaluation of the mirror
nucleus, 49Cr, shows two low-/
transfers are known in the region:
an{=0andan?{ =1




Structural Information of “°*Mn




Fusion-evaporation Reactions

Combinations of stable beam and target may be used to
produce p-rich nuclel via fusion-evaporation reactions

Techniques in y-ray spectroscopy allow
for the precise measurements of
resonance energies

Challenging as high-spin states are
preferentially populated and the
n-evaporation channel is usually weak




The "B(*°Ca,2n) Reaction @ ANL

A 75-MeV, ~13-pnA *°Ca beam was used to bombard a ~200-ug/cm? B
target, populating states in “°*Mn via '"B(*°Ca,2n) and “*Cr via ""B(*°Ca,pn)

Aim: separate and select upon “*Mn nuclei,
and look to the coincident y rays
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y-ray array
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The "B(*°Ca,2n) Reaction @ ANL

Fragment Mass Analyser
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Recoil Selection of 'B(*°Ca,2n)

lonisation Chamber allows for separation of Z= 25 (Mn) nuclei
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Recoil Selection of 'B(*°Ca,2n)

Proportional Counter allows for separation of A = 49 nuclei
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Gamma-ray Spectroscopy Study of “*Mn

Counts / keV
261

¥Mn singles spectrum

N o
N S
S =
& &
©
T~




Gamma-ray Spectroscopy Study of “*Mn

1767/1771

Comparison of
low- (N = 1) and
high- (N = 4)
multiplicity singles
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Gamma-ray Spectroscopy Study of “*Mn

Comparison of
low- (N =2) and
high- (N = 5)
multiplicity y-y
(gate on 7/2- — 5/27)
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Gamma-ray Spectroscopy Study of “*Mn
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Partial Level Schemes of “*Mn and #Cr




Resonances in the #¥Cr + p system

E ex
(keV)

EI'BS
(keV)

Iy
(eV)

Ly
(eV)

wy
(eV)

2400.3(29)
2484.4(19)
2570.9(26)
2595.9(21)
(2064.4(28))

312.3(85)
396.4(82)
482.9(84)
507.9(83)
(876.4(85))

7.90 x 1071
3.71 x 10710
3.80 x 10°°
1.24 x 107°
3.35 x 1076

6.91 x 1074
5.70 x 1072
5.70 x 104
1.01 x 1072
8.77 x 1074

2.37 x 10710
1.48 x 1077
3.64 x 10°°
2.48 x 107
1.34 x 107°

Spectroscopic factors adopted from comparison with °'Mn
XCr(°*He,d) — J.E. Kim et al., PRC 23 (1981), 742

| —11.605E}es ;




The Stellar Reaction Rate of “°Cr(p,y)
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The Stellar Reaction Rate of “°Cr(p,y)
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Astrophysical Implications of “Cr(p,y)

Look to MESA stellar evolution code calculations:
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