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P-process

Nuclear chart
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P-process

Astrophysical sites for p process:
CCSN, supernovae la, neutrino winds...

Created via the p-process (main scenario
IS a reaction network with mainly
photodisintegrations (y,n), (y,q)...)

The Crab Nebula is a remanent effect SN 1054.



The p nuclei

Abundances [Si=10°]
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Abundances of the nuclei created by r process (Q), s process ( - ) and
p process (). The p-process of stellar nucleosynthesis: astrophysics and
nuclear physics status M. Arnould, S. Goriely
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For my thesis:

Focus on the (A = 140-200)

In this region, the reactions
are the most



Reactions importance

A lot of the
their cross sections and

are synthetised through

model.
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Evolution of the calculated abundances of p nuclei when the reaction rates
are multiplied ( ) or divided (x) by 3 [W. Rapp et al 2006 ApJ 653 474].



The a-Optical Model Potential
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Calculations of "“Sm(a,a) “Sm cross sections at 22MeV using different a-OMP in
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More needed on the for this region !

The typical way to constrain the OMP is through



The Samarium

Let’'s use Samarium |

We are studying 2 Samarium isotopes :

» 144Sm, measured two times through elastic scattering ,
stable, neutron magic (N=82) and a p nucleus
148 _ . :
» Sm, has no data available through elastic scattering ,
stable, non magic

Why Samarium ?
Sm strongly constrains a-OMP
Good case to study the isotopic dependence
Study of magic vs non magic
144 5Sm is one of the naturally most abundant p nuclei (~3%)
New data through 1489y,
We can compare with the already known case of ***Sm

144
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Experiment description

In order to
make a
Both at , compromise between:
. (Gamow energy ~ 10 MeV)
. on energy to see effects of

(Coulomb barrier ~ 14 MeV).

(10 MeV)
Gamow peak

(20 MeV)

. ————

Coulomb barrier
(14 MeV)



The collaboration

International collaboration : ; : y
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Targets synthesis

3 targets have been realised :
two and one ;
on

The targets have been on the platform at the

Decelerating
device

Ion source

Vacuum
pump
_ SIDONIE is an
Electrostatic
quadrupoles
Analyzing
I m

—

Vacuum

pump

Excellent (~99,99%)
Vacuum

Scheme of the SIDONIE electromagnetic isotope separator



Experimental setup

The Split Pole has been used to measure scattered particles at

the forward angles (22°-85°). Dipole 2

o —— i

For the backward angles, 3 silicon telescopes in AE-E
configuration have been used up to 145°.

Focal Plaﬂe.-"""

an®

(credit: The Focal-Plane Detector Package on the TUNL
Split-Pole Spectrograph, C. Marshall, K. Setoodehnia)
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https://www.semanticscholar.org/paper/The-Focal-Plane-Detector-Package-on-the-TUNL-Marshall-Setoodehnia/948a16f2048117d656757dfbfbba121481525b6b
https://www.semanticscholar.org/paper/The-Focal-Plane-Detector-Package-on-the-TUNL-Marshall-Setoodehnia/948a16f2048117d656757dfbfbba121481525b6b
https://www.semanticscholar.org/author/C.-Marshall/2068199615
https://www.semanticscholar.org/author/K.-Setoodehnia/91539717

Silicon telescopes

We used = sets of detectors, Each AE-E couple was mounted onto a
purchased for this experiment. with a . These mounts were crafted at IP2lI.

i F “\ g

Characterization at detectors : Thickness = and , Resolution ~

r
Lcml-l'. detectors : Thickness = , Resolution ~



Counts

Rutherford Backscattering Spectrometry (RBS)

Experimental data

1000 Simulated spectra (SIMNRA)
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Experimental data of RBS measurement on the 4sm target, fitted with the software SIMNRA.

due to

that the has done to the target.

during the synthesis and to the

To compute the cross sections

need to have a of the

We decided to run an measurement on our targets to

them.
This measurement took place at

synthetised them.

with the team that

The RBS measurement has been done our experiment.

lightions

12 Mo elastically

scattered
incidence
ions

He3+ ions of 1.4 MeV

The targets have a samarium content of :
for
for



Simulations
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GEANTZ4 simulations to reproduce the experimental setup _8_10 0 20

Energy depositions by alphas after the reaction happened,

’ These simulations permitted to deduce the cifcecis of the different materials :
Energy losses, scattering onto surfaces, energy and geometric straggling in the Sm target ...
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Simulations

plot. The energy loss tail is due to the crossing of a thick Sm target. The in the AE ensures that alphas goes into the E
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Preliminary results

angular distribution of

Compared with for 1**Sm and with
using and the two a-Optical
Model Potentials of (Omp 5) and

(Omp 6) for 148Sm.

They are part of a of models, they
are now and have been
the

Main : and hitting
point of the beam on the target during the
experiment.
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Conclusion and perspectives

angular distribution for , and , at , from 22° to

calibration
Energy loss and scattering
characterization by
Preliminary

Study of

@ Determine set of on
and

Analysis

f Study of the : very for the
Same experiment at MeV.
= Study of its on the of the In this region



Use of 184 W

do _ N
d2  QXxdQdxe

Need to know the ds) .
One way to have a precise measurement of it is by
using our knowledge of the physics.

We used a to do . At this energy,
184W(CI,CI) 184wy is mainly , Which gives us a pretty
good knowledge of the cross section. Using this we can
recover the solid angle.

X/oRuth

The W target is thick. It has
been . At the measured
angles, the nuclear potential has an impact
on the scattering. We used with the

OMP of and to
compute the cross sections.

Cross section of 184W(a,a)184W at 20 MeV normalized by Rutherford
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Cross section of a elastic scattering on W at 20MeV calculated with TALYS, normalized by Rutherford.

The

calculated is then



