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1) 152Gd and **Gd are s-only isotopes
* they can be produced only via s process
because they are shielded against the [3-

decay chains from the r-process region by VN
the isobars samarium nTOF

ALMA MATER STUDIORUM -~ UNIVERSITA DI BOLOGNA




INFN

Istituto Nazionale di Fisica Nucleare

Scientific Motivations

15811)
H stable% -

B 3 EEREE 1 -511-6&". 1SSGd 156Gd 157Gd 1586d

S B

EAe 1
e L
- ~ IANEEEAN

I process

NN NN

1) 152Gd and **Gd are s-only isotopes
* they can be produced only via s process

Proof of galactic

because they are shielded against the f- chemical evolution
decay chains from the r-process region by (GCE) models VN
the isobars samarium nTOF
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Constraints for the *C pocket, i.e. the | »'" [
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Constraints for the 3C pocket, i.e. the i

main neutron source of the s process
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Resolved Resonance Region

Isotope Facility Enrichment Capture Transmission
Detector ?

14Gd Nevis Lab <1 keV yes
ORELA < 2.6 keV 66 % C.F,
DUBNA < 224 eV Nal
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Gd data In literature

Unresolved Resonance Region
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Gd data In literature
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Gd Samples

ORNL
0.263 g (~ 17 kE !
Gd metal
154Gd ~ 66,78 %

Goodfellow
8.749 g
Natural Gd
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Experiment

Isotope Protons
2.6 x 1018
4
1%4Gd 1.88 x 1018
Carbon 4 x 1016 From 88Sr and &Y
campaign

Empty  35x10v

Full calibration (**’Cs, 8Y, Am-Be and Cm- 14" August 2017
C composite y-ray source) every week !!! 10t September 2017
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Summary

Background: 52154Gd are relevant in the study of s process because
of their impact on s-process abundances. Measurements are
present in literature, however large discrepancies are still present
and called for a more systematic and accurate study.

Experiment: capture cross section measurement successfully
performed in August 2017 at EAR-1 with an array of 4 C.D, detectors.

Goal: Improve resonance parameters of »*Gd (and perhaps few
strong '52Gd neutron resonances) for an accurate determination of
stellar cross sections with overall uncertainty below 5% for thermal
energies of interest to s process, from few keV to about kT = 100 keV,
.e. 20 meV < E_<1 MeV

... data seem promising ﬂ
ATOF
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Table 1: Gadolinium isotopes
Isotope Binding energy Natural abundance ORNL enrichment

(MeV) %o o
5201 6.25 0.20 32 — 51
P1Gd 6.44 2.15 > 66 and 99.3
5Gd 8.54 14.73 > 90
PPGd 6.36 20.47 93 — 99
7Gd 7.94 15.68 > 90
8Gd 5.94 24.87 > 95

H9Gd 5.64 21.9 05 — 98
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Gd data In literature
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Gd data In literature

: : : = B4-d- 154(n,gamma) ENDFEB-YII
E+4 -E.. ............... ............... ............. B4-G::I-154[nlelastic‘l| ENDF,'IB-IUIHI

E+3:

E+2 2

E+1 4

Cross Sedtion (b)

E+0 c

E-1 -

E-1 E+0 E+1 E+2 E+3 E+4 E+5
Incident Energy (eV)

ALMA MATER STUDIORUM -~ UNIVERSITA DI BOLOGNA




Gd — Evaluation INFN

Istituto Nazionale di Fisica Nucleare

E+7
| | —— B4-Gah-152(n gamma) ENDF/B-VIL1 * aburdance Natural abundance:
[ S R ............... .......... ——— £4-Gd-154{n gamma) ENDF/B-VIL1 * abundance |
= B4--158(n,gammay ENDFE-VIL1 * abundance
E+5 ' """""""" """"" B4- G- 156{ngammay EMDF/E-VII.1 * abundance | 1SZGd -~ 0-20%
: : —— B4-Gd- 157(n,gamma) ENDF/E-YIL1 * abundance 154 ~ 1)
0 NN o+ TG ENOFE - arsoe ||| 154Gl ~ 2.15%
: : ' ' 155 ~ 0
. -160(n,gamma) ENDFE-VI.1 * abundance Gd 14'73 /0
+4d - !

15%6Gd ~ 20.47%
157Gd ~ 15.68%
158Gd ~ 24.87%
160Gd ~ 21.90%

E+2

E+1

Cross Section {b)

E+0

E-1

E-2

E-3

E-1 E+0 E+1 E+2 E+3 E+4 E+5
Incident Energy (eV)

ALMA MATER STUDIORUM -~ UNIVERSITA DI BOLOGNA




Gd — Evaluation INFN

Istituto Nazionale di Fisica Nucleare

E+7
| | —— B4-Gah-152(n gamma) ENDF/B-VIL1 * aburdance Natural abundance:
(=3 T ............... .......... 64- G- 154(n.gamma) ENDF/B-YIL1 * abundance |
= B4--158(n,gammay ENDFE-VIL1 * abundance
E+5 ' """""""" """"" B4-Gd-1568(n gammay EMOFE-VIL1 ¥ abundance | 152Gd =~ 0-20%
b\ [ s swdne ||| 199G d] ~ 2,150
: = B4-5-158(n,gamma -V abundance
. s = 84-Gd-180(n,gamma) ENDF/E-VII.1 * abundance 155Gd =~ 14'73%
§“ : ' ' ' ' 156Gd ~ 20.47%
'3 E+2 - 157Gd ~ 15.68%
ﬁ E+1 <
= 160Gd ~ 21.90%
E+0
=i Enriched isotopes are
-2 needed
E-3 -

Simultaneous
E-1 E+0 E+1 E+2 +3 E+4 E+5 InveStIgatlon Of ALL
Incident Energy (eV) Gd iSOtOpeS

ALMA MATER STUDIORUM -~ UNIVERSITA DI BOLOGNA




INFN

Istituto Nazionale di Fisica Nucleare

Experiment

[/ N

12

— ™Gd+n
— 'Gd+n
— Empty sample

counts/bin

1 D—Iﬂ-

-gl | IIIII

10—14

| IIIIIII
=
"

1 D—Iﬁ

10° 10° 107 . \/\
time - Ty (ns) ATOF

ALMA MATER STUDIORUM - UNIVERSITA DI BOLOGNA




	Diapositiva 1
	Outline
	Scientific Motivations
	Scientific Motivations
	Scientific Motivations
	Scientific Motivations
	Scientific Motivations
	Scientific Motivations
	Scientific Motivations
	Gd data in literature
	Gd data in literature
	Gd data in literature
	Gd data in literature
	Gd Samples
	Gd Samples
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Experiment
	Summary
	Diapositiva 32
	Diapositiva 33
	Gd data in literature
	Gd data in literature
	Gd – Evaluation
	Gd – Evaluation
	Diapositiva 38

