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Context

ØSince radiative capture of proton and α particles is involved in most 
stages of stellar evolution, these reactions have been extensively studied in 
direct kinematics by γ ray detection. However this method is limited at 
lower energies by the cosmic and the beam induced background.

ØOne way to reduce this background is to detect the γ rays in coincidence 
with the reaction products, but this necessitates separating the recoils from 
the beam using a recoil mass separator (RMS) in reverse kinematics. For 
typical reactions, the ratio of beam to reaction products will be on the 
order of 1017.

ØSuch a facility to study (α,γ) reactions using beams in the 20<A<40 
range is under development in the Nuclear Structure Laboratory at Notre 
Dame.

ØBased upon on the reactions of interest shown in the following table, the 
RMS must have an angular acceptance of θmax=40 mrad and an energy 
acceptance of ∆E/E=7.4%.
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List of a few planned reactions

71.4440
9.121.2512.536Ar(α,γ)40Ca

32.06.40.63.3
407.40.351.818O(α,γ)22Ne

12.02.42.512.5
14.52.81.165.816O(α,γ)20Ne

173.5213
407.40.322.122Ne(α,γ)26Mg

θmax [mrad]∆E [%]Ecm [MeV]Elab [MeV]Reaction

22Ne(α,γ)26Mg as the first reaction to be studied with RMS
(Part of the P.J. Leblanc phD thesis project)

Ø The branching ratio between 22Ne(α,n) and 22Ne(α,γ) has important 
consequences for the weak s process.

ØThe RMS will allow us to get data for much lower γ ray count rates and thus 
search for any low energy resonances that may increase the cross section at 
low stellar temperatures.

ØThe results from the RMS experiment will be compared to the results from 
the forward reaction, will which will be measured before the separator is 
completed.
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22Ne beam striking the 4He jet gas target

Gamma decay

precoil=pbeam

θ < 3°

26Mg de-excites by
emitting a •-ray,
and the recoil enters
the mass separator with an
energy and angular spread.

Basic concept of the RMS

ØA “heavy” ion beam bombards a 4He jet-gas target. The passing beam and the 
recoils have the same average momentum. 

ØThe most abundant charge state is selected by two dipole magnets. This selection 
is performed in two steps in order to collect other charge state.

ØThe mass separation is obtained using a Wien filter in which the particles with the 
average velocity of the reaction products are not deflected while beam particles 
which have different velocities are deviated.

ØExtensive ion optic calculations have been performed to obtained a good mass 
resolution and to correct the higher order contributions due to the large acceptance 
of the RMS.

ØAdditional discriminations are obtained using time of flight techniques as detection 
system and γ detection in coincidence with the recoils.
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New approach to Wien filter design

ØA Wien filter deflects all the particles except  those with a velocity equal 
to the ratio of the electric (E) and magnetic (B) field.

ØIt is critical to have good homogenous fields and that the ratio E/B is 
constant even in the fringe field region.

ØThe electrodes and the field clamp are designed to guarantee that both 
field strength are proportional in the fringe field regions.
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