Studies of radioactive nuclel and their

role In the cosmos

Jeff Blackmon
Physics Division, Oak Ridge National Lab

e Radioactive nuclei play an important role in astrophysics.

e Producing & accelerating these radioactive nuclei allows us to
directly study nuclear reactions at the energies that are important in
astrophysical objects.
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« Swift observations began less than 3 days after onset

« Simultaneous observations by 4 space orbiting
observatories on Feb. 26 e ——
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e 15N production
e Oxygen isotopic ratios: grains?
e Dynamics - helps power ejecta
e Source of yrays
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BF(p,»)1~0 at the HRIBF
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New 18F(p,a)1°0 results

 Destructive interference
measured above the
7.07 (3/2+) resonance.
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The 180-keV resonance in 17O+p
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Novel approach to (p,«) resonances
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Preliminary results 17O(p, )14N
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« High sensitivity to narrow resonances
— Yield 3x greater than with CH,
— Center-of-mass resolution < 1 keV
— Background from beam contaminants greatly reduced

Next: will be applied to 8F(p,a)1°0, e.g. E_,, =330 keV, 287 keV
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Status of ‘Be(p, B
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e Precision has been significantly improved.
e Some questions remain.
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New Coulomb dissociation result
Schumann et al., PRC 73 (2006) 015806.
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I1H(’Be,®B) at the

HRIBF
ala NABONA
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o Transfer reactions chamber
* Accurate statistics Fusion evaporation
* Different, well-characterized Scattering reactions
systematic uncertainties < Energy loss & stopping power
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nwriibf ‘Be beam production
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First ‘Be(p, B run at the HRIBF

Mixed 'Be & 7Li beam
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Results from first run

1 Quantity value % uncertainty
8B (counts) 22 21
—ewL p (counts) 3446 1.7
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Working on increasing beam intensity ! |
1. More activity: ORIC & Debrecan : {Eﬂ 9
2. Cathode geometry (~2x)

3. Low energy beam transport (?)
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uncertainty

‘Be(p,7)eB extrapolation
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e Uncertainty in shape of do/dQ and
‘Be(p,y) extrapolation to solar energies
dominated by s-wave scattering lengths
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8B structure

Proton and neutron in p orbitals
2* ground state
Well-known 1* and 3* states

Other positive-parity states
expected from shell model

New levels can significantly affect
shape of "Be(p,y)8B cross section
depending on properties

No evidence yet for predicted
positive parity resonances

New structure in ‘Be+p scattering
(TWINSOL) indicate broad 2- level
at high energies
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‘Be(p,p)’Be

R.J. Livesay

N Measured thin-target excitation function

_ _ » 17 bombarding energies
N Measured thick-target yield

* 14 MeV beam of 'Be
* 4.3 mg/cm? CH,

100 ug/cm? CH, target
E_,=0.410 3.3 MeV

* Normalization to “‘Be+Au scattering
and to ‘Be+12C scattering
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Thick-target
excitation function
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hin-target data

* New positive parity resonance
observed in inelastic channel!
— Not the known 3*
— 3*— f-wave in inelastic

E,.~ 2.3 MeV

Best fit:
eI =2
— I ~ 600 keV
—als 0 =l
Possible J=0* & Jt=1* ?
R-matrix analysis ongoing
e Accurate absolute normalization

should allow accurate
determination of phase shifts

* Resonance is too high in energy
to significantly affect S(0), but
may explain some of the higher
energy behavior



* New direct measurements and transfer reactions will continue to reduce
the uncertainty on the 8F(p,a)*>O reaction rate.

* The "Be(p,y)®B cross section will be measured in inverse kinematics
with an accuracy of better than 5%.

* Measurements with 25Al radioactive ion beams will improve our
understanding of the hot AIMg cycle and 26Al production in novae.

e Many important reactions (e.g. 3°P(p,y)3!S, rp process waiting points)
will remain experimentally out of reach and uncertain.



* A next-generation Rare Isotope Accelerator, as it was previously
envisioned, is no longer under consideration.

 The USDOE has put a next-generation radioactive ion beam facility in
Its 5-year plan to Congress:

— ~$500M
— PED funds ~ 2011

* First scientific results from a new U.S. radioactive ion beam facility.
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* Reaccelerated beams currently under development at MSU:
—30P 108 5’1 — 30P(p,y)3lS
— MV 10°s1 — transfer reactions
— 68Se 104 s'1 — p elastic scattering
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