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Solar System Abundances
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r-process nuclides
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How s-process neutron captures work?
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How s-process neutron captures work?
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The n_TOF facility
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The n_TOF project .

The advange of n_TOF are a direct consequence of the characteristics of the PS proton
beam: high energy, high peak current, low duty cycle.

Wide energy range:
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The s-processat n_ TOF
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How s-process neutron captures work?
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How s-process neutron captures work?

Magic number of neutrons N=50
(the same at N=82 and N=126)




Magic nuclei studied @ n_TOF
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Isotoplc ratios in pre-solar SIC grains:
the case of 38Sr

® mainstream SiCs (this study)
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Magic nuclei: the case of *4°Ce

Straniero, Cristallo & Piersanti 2014 Abundances of
AR AR AR elements in the 2nd
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Figure 11. Best fit of the average s-process chemical pattern of stars in M22.

The pollution of AGB stars with a mass ranging between 3 to 6 Mgy

may account for most of the features of the s-process enrichment of
M4 and M22.
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Figure 13. Best fit of the average s-process chemical pattern of stars in M4,
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Magic nuclei: the case of *4°Ce

Straniero, Cristallo & Piersanti 2014 Abundances of
o elements in the

s-process peak are P
well reproduced solid — At = 149 Myr IMF a=2.35
apart from Cerium. dashgd At = 206 Myr IMF a=-5

The pollution of AGB stars with a mass ranging between 3 to 6 Mgy
may account for most of the features of the s-process enrichment of
M4 and M22.

Measurement
May 2018

GLOBULAR CLUST Simone Amaducci PhD Thesis



How s-process neutron captures work?




How s-process neutron captures work?

-process




How s-process neutron captures work?

-process

Se




(0]

-only distributi

The solar s

—HII|IIIIIIIII’III]IIIII IIIIIIIIIkIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IH—

=90)

&
= U SR SR T [

R,

—L-L
58
x LIMS+Non Rotating MS (up to A

o LIMS anly

|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|II
J.III|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIL

o LIMS+Rotating MS

- F

="

T
_G___

_'F______ ——— e === - -F----
B TR R A R

DS &S0 WYY
___J:___J.__k___J_—?______

o o

L
--F----

_S—only contribution of LIMS

-

=
=

HTTT

|IIJ—

S—only normalized to '%Sm
L

[

-

I|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|I'I'I'

70 80 90 100110 120 130 140 150 160 170 180 190 200 210

H

MASS NUMBER A

— Lo A
OO OO

(SIW+SWIT) /SWIT

© N0 O T
— i oOCOoOOo

0.1

Prantzos+ 2018, MNRAS




s-only Isotopes @ n_TOF

] B* 157Th | 158Tp | 159Tb |160Tp

D stable 71.01y 179.99y 100\ 73304

I:' B 15(?Gd 157th 1586d &Eu 1GOGd
20.47 % 15.65 % 24.84 % 18.48 h 21.86 %

155Eu

475y

154Sm
22.75%

149Gy '
13.82 % K

1%Gd = s-only isotope, it can be produced only via s process because it is shielded against the

B-decay chains from the r-process region by its isobar $4Sm

See talk by A.M. Mazzone




Avery robust r-process pattern in metal-poor stars
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Bulge Disk
G5 22892-052: Sneden et al. (2003)
HD 115444: Wastin et al. (2000)
BD+17°324817: Cowan et al. (2002)
+ G5 31082-001: Hill et al. {2002)
HD Z21170: Ivans et al. (2006)
HE 1523-0901: Frebel et al. (2007)




Fission recycling
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Consequences:

modification of the A~130 r-process abundance peak
- fission products can be seed for additional r-
processing up to A~250 fission again

fission recycling J



Fission recycling

This insensitivity of the strong r-process abundance pattern to the
parameters of the merging system is explained by an extremely low-Y,
environment, which guarantees the occurrence of several fission cycles
before the r-process freezes out.

Finite-Range Droplet Model
Moller et al., 2016
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Extended Thomas Fermi Model
with Strutinsky Integral
Pearson et al., 1996

Figure 5. Comparison of jpuclear mass models|FRDM, ETFSI-Q, and HFB-14. .
The underproduction of 140 << A <Z 160 nuclei apparent in the FRDM model Hartree_FOCk-BOgOI IUbOV

does not occur in the ETFSI-Q or HFB-14 model cases. The fission fragment I
distribution model used here is ABLAO7. Gorlely et al" 2008’ 2009

Eichler+ 2015




Fission In r-process calculations

Fission in astrophysical calculations:
e beta-delayed fission (Thielemann et al. 1983);
e spontaneous fission (Goriely & Clerbaux 1999;
Freiburghaus et al. 1999; Cowan et al. 1999);
(Panov & Thielemann 2003,
2004; Martinez-Pinedo et al. 2007).




The r-process at n TOF
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Independently on the channel, neutron-induced fission cross sections and
fission yields of several actinides provide important data (fission barriers;
level densities above barriers; etc.), which are needed to optimize (or validate)
fission models for r-process nuclesynthesis.



r-process @ n_TOF

230Th(ﬂ,f) measuring
232Th(n,f) measured
233U(n,f) measured
234U(n,f) measured
235U(n,f) measured/ing
236U(n,f) measured
238U(n,f) measured
237Np(n,f) measured

238Pu(n,f) can be measured ®

239Pu(n,f) measuring

240Pu(n,f) measured
241Pu(n,f) can be measured
242Pu(n,f) measured
241Am(n,f) measured
243Am(n,f) measured
245Am(n,f) measured
244Cm(n,f) can be measured
245Cm(n,f) measured
246Cm(n,f) can be measured



TAKE HOME

e The study of neutron magic nuclei and s-only isotopes
Is of paramount Importance for a detailed
understanding of the s-process. Neutron capture cross
sections are essental inputs for stellar models.

» Fission data are needed to properly calculate nuclear
properties of isotopes far from the B stability valley.
Therefore, r-process distributions depend on the
guality of available experimental data.

e The n TOF experiment at CERN may improve the
physics of both the s-process (neutron capture data)
and the r-process (fission data).
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