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Chemical elements beyond
Iron are synthesized via
neutron capture reactions in Fusion

stars reactions | Neutron capture reactions

H
H

e =) by the s-process

e =1, by the r-process
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reactions being much slower
than for beta-decays implies
that the reaction path
follows the stability valley

stars are the
sites for the main component
of the s-process, for
elements between strontium
and lead.
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152Gd and 154Gd are s-only isotopes
They can be produced only via s-process
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because they are shielded against the B-decay
chains from the r-process region by the isobars
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. B+ 159Tb
B stable

B B 1SEde 157Gd | 158Gd

2047% | 1565% | 24.84%

155Eu
8.59y 475y
13.51y
149G 5'1'5?)'5';]"5 \Q’Sm 152§ m ﬁe\?m 154Gm
13.82% 1 7.38% ;. 90.00y 26.75 % 1.93d 22.75%

152Gd and '°4Gd are s-only isotopes

They can be produced only via s-process Proof of galactic
because they are shielded against the B-decay chemical g’volut,-on
chains from the r-process region by the isobars (GCE) models
samarium
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3 Recent Independent Studies..

This work
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Case B M=M [Fo/H]=-0.15 oxtended pocket

....................................... B At CP T PP CP R

xsowb

XX}, normalized to
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3 Recent Independent

Constraints for the '3C pocket, i.e. the
main neutron source of the s process

to

Disagreement of more than 20% between
observation and model calculation of s-
Drocess abundances

So far, no conclusive identification of the
causes of the disagreement:

ontrjbpution by AGB at t
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S. Cristallo, et al.,
The Astrophysical Journal 801 (2015) 53
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—— ENDF/B-UIII.0: GD-154(H,G)GD-155
<+ 1995 Wisshak
{1 1988 Beer
<> 1974 Shorin

Viain reference:

Wisshak and Kappeler

= Erange 3 < En < 200 keV
= 41 BaF2 detector

= The error is of about 1%

1
Incident Energy (kay)
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The n_TOF project
nTOF

CMS

S e e LT <o\ LHC North Area

HiRadMat

AD
BOOSTER

1972 (157 m)
> A ISOLDE
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“ PS
s .
LINAC 2 , CTF3

neutror »
LINAC 3 LEIR
s _

m |:I The CERN n_TOF facility features a pulsed white neutron beam

(meV to GeV) where capture cross sections are measured as function
|:| of the neutron energy using the time-of-flight technique.
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n_TOF is a spallation neutron source

based on 20 GeV/c protons from the

CERN PS hitting a Pb block (~300
neutrons per proton and ~ 7x10'2 ppp).

Experimental area at 185 m and 18.5 m. ‘
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The n_TOF project

FWHM [cm] | AE_ [eV]
3 3.2 x 10
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Neutron source '
\{\

n_TOF is a spallation neutron source
based on 20 GeV/c protons from the
CERN PS hitting a Pb block (~300
neutrons per proton and ~ 7x10'2 ppp).

Experimental area at 185 m and 18.5 m. ‘

20 GeV
Proton beam
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Capture reactions are measured by
detecting y-rays emitted in the de-
excitation process

Eu [N

Bjc
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ORNL
0.263 g

Gd metal
154Gd ~ 66,78 %

GOODFELLOW
8.749 g

Natural Gd

99%

o B Radius = 1.5 cm
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note

Isotope Protons
197Au 4 x 1016
154Gd 1.88 x 1018
natGd 2.3 x 10"
Carbon 4 x 1016
Lead 1.2 x 10"/
Empty 3.5 x 10"/
Others 2.0 x 10"/

Cyclic - after
calibration

2.6 x 1018

From 88Sr and 8%Y
campaign

Filters bkg

Full calibration (13’Cs, 8Y, Am-Be and Cm-C 14th August 2017
composite y-ray source) every week !!! 10th September 2017
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Data Analysis .

NEUTRON CAPTURE YIELD:
probability for a neutron to
be captured in the sample COUNTS

NUMBER

BACKGROUNDS
NUMBER

NORMALIZATION
FACTOR

NEUTRON FLUX
SPECTRUM




@ 1COI

Consiglio Nazionale
dele Ricerche

TOF

It is valid for small efficiency gamma-ray
detector.

Only one gamma-ray out of the capture
cascade is registered at a time, whose
detection efficiency is proportional to the

Y energy.
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The proportionality between E, and the
efficiency that can be achieved by

applying pulse height dependent weights.
The weighting factors were determined by

simulating the detector response in
GEANTA4.
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Background Subtraction

e Beam related background = Empty Frame

e Scattered neutrons in the sample = Pb Sample

— Gd
— Em

R*(Pb-Em)
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Resonance Shape Analysis

RESOLVED RESONANCE REGION

Up to 1 keV
Accounts for 15%
to the MACS

> \‘
UNRESOLVED RESONANCE REGION »

Accounts for the
80% to the MACS
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Neutron Capture Cross Section




MACS (mb)

Maxwellian Averaged
Cross Section (MACS)

® Kadonis
m ENDF/B-7.1
n_TOF

Thermal Energy kT (ke
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Single stellar model
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Trippella, The Astr. Jour. 2016
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Preliminary Results

. GCE model
S—only normalized to '59Sm

1 HH ________ SRR "'H‘"H ..... gl o el '
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Prantzos, MNRAS 2018

e M=1.5 Msun Production(154Gd)=+9%
e M=2.0 Msun Production(154Gd)=+5%
e M=3.0 Msun Production(154Gd)=+4%
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Preliminary Results
GCE model

S—only normalized to '59%Sm
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Prantzos, MNRAS 2018

Increse of 5% does not justify the 40%
discrepancy in the model

Gd cross section is not the solution

4
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that B decays in 154Gd

¢ change the main neutron source mechanism into the
FRUITY models

Eu[N
Bjc .
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e The evaluated MACS is =15% lower than that obtained in
KADONIS 1.0 and 8% lower than Bao&Kaeppeler.
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Neutron flux
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