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IntroductionIntroduction

What is the What is the ααpp--process?process?
Series of (Series of (αα,p,p) and () and (p,p,γγ) reactions ) reactions 
Dominant branch begins with Dominant branch begins with 1414O O →→ even Z, even Z, TTzz= = --1 1 
nuclei undergo (nuclei undergo (αα,p,p))
Ends in A Ends in A ≈≈ 4242--46 region (where 46 region (where rprp--process process 
continues)continues)

Where does this occur?Where does this occur?
Explosive scenarios (time 1Explosive scenarios (time 1--1000 seconds)1000 seconds)
Accretion layers on white dwarfs and neutron starsAccretion layers on white dwarfs and neutron stars



The prefaceThe preface

ααpp--process begins with the breakout of the process begins with the breakout of the 
hot CNO cyclehot CNO cycle

http://www.cococubed.com/images/net_hotcno/cno_cycles_rp_web.jpg



Basic reaction flowBasic reaction flow

t=10t=1033 ss
T=10T=1099 KK
ρρ=10=1044 g/cmg/cm33

Van Wormer et al, 1994Van Wormer et al, 1994



Relevant informationRelevant information
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The resonance energy is the most important The resonance energy is the most important 
factor in calculating the reaction ratefactor in calculating the reaction rate
Shell models calculations give errors of the Shell models calculations give errors of the 
order 100 order 100 keVkeV

This results in reactions rates with errors of 3 orders This results in reactions rates with errors of 3 orders 
of magnitudeof magnitude



Previous (Previous (αα,,88He) experimentsHe) experiments

2828Si(Si(αα,,88He)He)2424Si done Si done 
at IUCFat IUCF
Excitation energies in Excitation energies in 
2424Si measured for 80 Si measured for 80 
hours hours 



Current effortsCurrent efforts

50Cr(α,8He)46Cr 46Ti(α,8He)42Ti

((αα,,88He) at RCNPHe) at RCNP

4444Ti production Ti production 
depends on depends on 4545V(p,V(p,γγ) ) 
raterate
No experimental No experimental 
information about information about 
states above p states above p 
threshold in threshold in 4646CrCr

3838Ca(Ca(αα,p),p)4141Sc is Sc is 
thought to be the thought to be the 
endend of the of the ααpp--
processprocess
Comparison of levels Comparison of levels 
of of 4242Ti with shell Ti with shell 
model predictionsmodel predictions



Why RCNP?Why RCNP?
Grand Grand RaidenRaiden plus the WS beam lineplus the WS beam line

Beam spread ~ 100 keV or better

Dispersion matched beam can 
have resolution of 10 keV!!!



Experimental SetupExperimental Setup



Experimental TechniqueExperimental Technique

200 200 MeVMeV αα particles onto targets ~ 1 particles onto targets ~ 1 
mg/cmmg/cm22 thickthick
Beam in full dispersion matched modeBeam in full dispersion matched mode
Selection of Selection of 88He particles with Grand He particles with Grand 
RaidenRaiden near 0near 0ºº
Energy of the excited states of the recoil Energy of the excited states of the recoil 
determined by Bdetermined by Bρρ of excited of excited 88He particles He particles 
and kinematicsand kinematics



Experimental DifficultiesExperimental Difficulties

Decreasing cross section with increasing Decreasing cross section with increasing 
mass mass 

σσ~ 60 ~ 60 bn/strbn/str for for 1313C, ~ 15 C, ~ 15 bn/strbn/str for for 2828Si Si 
Dispersion matching is not simpleDispersion matching is not simple

Tuning is time intensiveTuning is time intensive
Target effectsTarget effects

Differences in energy lossDifferences in energy loss



Data AnalysisData Analysis
9C

ToF ΔE

EΔE



Preliminary ResultsPreliminary Results

24Si

9C 42Ti

46Cr



Other Current ExperimentsOther Current Experiments
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Other Current ExperimentsOther Current Experiments
2222Mg at RCNPMg at RCNP

Andrija Matic KVI 



Other Current ExperimentsOther Current Experiments

Andrija Matic KVI 

2222Mg at RCNPMg at RCNP



OutlookOutlook

Approach Approach ααpp--process from all process from all 
experimental sides to measure energy of experimental sides to measure energy of 
the relevant statesthe relevant states

The future is with radio active beamsThe future is with radio active beams
First measure the energy levels, then First measure the energy levels, then 
investigate the resonance strengthsinvestigate the resonance strengths

Several (Several (p,tp,t) experiments have been ) experiments have been 
proposed to study proposed to study 3030S, S, 3434Ar and Ar and 3838CaCa
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