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The aim of nuclear astrophysics is to work with astrophysics modellers and 
observational astronomers to:

Understand the abundance pattern of the elements that we see around us and 
understand the nuclear reaction processes that have created them and the astrophysical 

h h ( l l k bsites where these occur (stars or explosive sites like novae, X‐ray bursters, supernovae 
etc.)

Develop models to describe these sites and test the predictions against measurements 
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This effort requires an effective collaboration between the different scientific fields

Astronomers
Observe astrophysical sites and
measure energy output and 
element abundances

Astrophysicistsp y
Develop models of the sites in
terms of the material dynamics
and nuclear reactions

Nuclear Physicists
Measure, or if not feasible then

l l t thcalculate, the necessary
reaction rates or decay rates



But which reactions are the problem and so need to be measured?

Run sensitivity studies with models to see which reactions have the largest effect on 
the energy generation or element synthesis.  These are the ones for which accurate 

i     i     d dreaction cross sections are needed.

Novae X‐ray Bursts
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Plan: new study of 12C(α,γ)16O

3. A Technique to measure 
12C(α,γ)16O
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α(12C 16O)γα( C, O)γ
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12C(α,γ)16O

•‘High’ intensity α-beamsg y

•‘thin’ targets

‘ ff•‘Low’ detection efficiency

R. Kunz, thesis, 2002

Luminosity= I t ε ~ 1031/(sec cm2)
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(1 count/day/1 pb)



Step 1: Measure the time-inverse reaction: 
16O(γ,α)12C (γ, )

Advantage:

L ti f ti i d ti•Larger cross section for time-inversed reaction

Factor of 102 improvementp

Disadvantage:

K. E. Rehm, HIAS 2013 8
•Lower beam intensities at the HIγS facility  (10-6)



Step 2: Use a liquid target for the (γ,α) 
t ( 106)measurement (x 106)

Advantages:

• The γ’s (8-10 MeV) have a much larger range than 
charged particles (α or 12C)charged particles (α or C)

• use thicker targets   (~10 g/cm2 (e.g. water) vs. 10 
μg/cm2) (106)μg/cm ) (10 )

Disadvantages:

• Need a detector that is insensitive to γ’s but 
sensitive to charged particles (e.g. α’s)
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1. Accelerator:  HIγS
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ex. λL=1.064μm, Ee=800MeV
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Eγ = 11MeV
θ 



Proof of Principle of a 
superheated bubble chamber for p

the 19F(γ,α)15N reaction 

P~ 1-6 atm  
T~20 50 CT~20-50 C
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2 fast cameras



A ‘successful’ bubble
Δt=10 ms

beam

K. E. Rehm, HIAS 2013 12

Dead time ~1-2 sec → detector for low count rates



Conditions for 19F(γ,α)15N in C4F10 
E =5-6 MeVEγ 5 6 MeV

p
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Position sensitivity in 3D
Cu 

collimator

Camera-2’

Camera-1’

Δ < 1
2 fast cameras
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Δx < 1 mm



In a classical picture the excess neutrons form a skin around the proton/neutron core 
with N  Z. An oscillation of the skin vs the core would lead to an electric dipole f p
excitation mode. Because this mode bears resemblance to a “mini” giant dipole 
resonance it is often called pygmy dipole resonance (PDR).
perform very sensitive  Ca(γ , γ、 ) experiments up to an excitation energy  of 10.5 MeV
performed photon scattering experiments on 40Ca and 48Ca





Thank you for your attention


