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STARS: NUCLEOSYNTHESIS AGENTS

- In 1940's some models assumed that nuclei had
been produced in a fireball in the early Universe,
however those models failed to explain the
experimental observation that stars do not have the
same surface composition, suggesting that they
must be nucleosynthesis agents

- Cosmic gamma ray measurements help to prove
this nucleosynthesis in the stars




Al Iin interstellar medium

-Characteristic y-lines measurements
allow the detection of different nuclei

- The detection of short-life species will
clearly show that the nucleosynthesis is
still working in stars

- y-rays from the decay of the unstable
26A| (half life 1,05 million years) were the
first evidence of nucleosynthesis still

y-Intensity phem® sr' 57 x 10°7° . gOIng on |n stars. 0_.
- A mapping of the Galaxy was done for photons in the region of 1,8MeV 0=0223
(The 28Al decays into 2Mg emitting a photon of 1,809MeV) concluding mo"‘:-?-'gf':_z;j_1809
that 26Al is mainly produced in massive stars and supernovae and novae. o

-Nuclear reactions in the neighbourhood of 2°Al
may help to clarify the scenario




Production of 2°Al through #°Si in rp process

Nucleosynthesis in hydrogen burning scenarios with T>0,3Gk is characterized by

rp-process
. 2Al reaction flow: we need to know:
- 25A| and 2Si B+ decay lifetime 27p
- Cross sections: 2°Al(p,y)?*Si and 2¢Si(p,y)*’'P N
26Gi 278;i
T(pn{)
. 3 possibilities after Al is produced:
1. 2Al B+ decays to Mg (no 26Si produced) paceay | ALl PPAITIOAL -
26Qj iq 25 26Q; 26 A |m .
2. S! produced via 25Al(p,y)Si >.[3+ d?cay to 26Al ol e En ff‘
3. 2Si produced and destructed via #Si(p,y)*’P g5y

The process 1 occurs if 2Al(p,Y)?*Si is slower than the °Al beta decay. The
competition between B+ decay of 26Al and the reaction 26Si(p,y)?’P determine
if 2 or 3 proceed




Coulomb dissociation

26Si(p,y)?’P direct measurement needs a *Si beam of 300KeV, whose cross section
would be tiny recquiring huge intensities. An indirect method is needed: Coulomb
dissociation. In this method, the nuclear Coulomb field is used as a source of the
photodisintegration processes. The inverse process is considered y+a->b+p
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Phase volume of (y,p) is much larger than for (p,y) -> larger cross section




ALADIN LAND setup at GSI for the C.D.
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Invariant mass and relative energy

The invariant mass of a multi-particle final state can be expressed as:

-

2 2
M =\ ():E:) - ():E-) = Edecay+ ) _mi
I I I

In the case of a two-body system de decay energy is exactly the relative energy between
both particles, thus, for our reaction:

Ee =M —(my+m)=

Y
\/(m] +my)* + T (‘;—]] - %) + (my +my)

The study of the relative energy of the outgoing fragments gives then information
regarding the excitation states of the incoming nucleus. (Eexc=Erel+Sp, where Sp
is the separation energy of the last proton)




Previous results at RIKEN
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Figure 4.2: Relative energy spectrum of the Pb(¢’P,2°Si p)Pb reaction measured with radioactive

2TP beam of 57 MeV/nucleon incident energy. Filled circles shows the experimental data. The

solid curve represents the best fit by the five components shown individually by the dotted

curves which represent four excited states and a direct capture component.
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Our preliminary results:
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Cross section

To estimate the C.D. cross section the nuclear component and background have to be
subtracted. For this measurements with carbon target and empty were performed.
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Summary

2’P Goulomb dissociation is a good indirect method for measuring the astrophysical
reaction #°Si(p,y)?’P which is very hard to measure directly in the lab due to the very
low cross sections involved.

The reaction is in the production path of 26Al, of great astrophysical interest as it is
one of the species which prove that the nucleosynthesis is still going on in stars

The very preliminary relative energy spectra we got looks very promising when
compared to previous measurements. Further studies are needed in order to get
astrophysical conclusions.
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