- . < 5 - . * - - >

Be‘ta-decay s‘l'udles of nuclel near 1'he

- 1st r-process peak at SPES:
chqlle- \ges: and opp r'i'um’nes

x(‘-. b, 4 ."
AT S
ﬁ%.'

s ) CEN;B -Gradlgnan s
SPES one day Workshop

0 Physncs aT SPES wﬁ'h non -
r&ccele% S

beams 1_ .

Mllan 20”‘ 21*" Apr'jl 2015 -



Stellar nucleosynthesis r- process
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Progress on r- process nuclei

—o—Standard
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Teresa Kurtukian-Nieto SPES one-day Workshop 2015, Milano, Italy 3



r- process and abundances in ultra metal-poor stars

UMP giants stars provide crucial constraints to the stellar nucleosynthesis.
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Its elemental abundances are
consistent with the solar

r-process elemental distribution.
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Adapted from Sneden et al. (2011)
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r- process and abundances in ultra metal-poor stars

One explanation suggested would be the possible existence of a new N = 56 subshell.
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SPES beam intensities (fission on UCx) after the lon-Source (1+)

In an hypothetical N = 56 ‘'ladder” the p decay of %%Ge, %°As, and *°Se
would immediately translate into an enhanced production of Sr, Y, and Zr.
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E (MeV)

Signatures of a N =56 subshell closure ?

Presence of an N = 56 subshell gap
shown for Z = 37-42 on the basis of
the E(2') systematic.
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K. Sieja et al. PRC 79, 064310 (2009)

Vanishing of this subshell for
the Kr isotopes.

Level Energy (keV)
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Signatures of a N =56 subshell closure ?
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v'Unexpectedly high E(2’) measured for 88Se,,

v Even higher in %Se;, ? ——)

v'T,,, of %9Se recently measured by M. Quinn et al. (Prc 85, 035807, 2012)

T2 =195(7) 5’ s

compatible with a spherical shape.

v'The half-life agrees with results obtained from a standard global QRPA
model used in r-process calculations, indicating that °°Se has a quadrupole
shape incompatible with a closed N=56 subshell in this region.
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NSe and the r-process

Introduction of measured T,,, in network calculations

|-I_—,'> More than 40% variations
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Experimental challenge: background from daughters
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@ According to SPES Beam Intensity Tables 9°Br is produced 50times more than °Se.
IN2P3
If 99Br directly produced in fission is not removed, even if the half-life of %Se is
O 10 times shorter than °°Br one would get, even for very short time-cycles, in
every bin 5x more counts from °°Br than from °°Se and for the neutrons it is even
worse, since the daughter is an odd-odd nucleus and it has therefore usually a
m much (about order of magnitude) higher Pn value.

Solution: remove the direct production of °°Br by using beam
purification stage — SPES-HRMS
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Measurement of the decay characteristics

Tape transport system
Beam-on/off time sequence
B-v, y-y coincidence for B decay studies

detection
- B counter
- Y germanium

universite

“BORDEAUX beam

@

IN2P3

Les deux infinis

Can be coupled with a neutron-detector
v" Pn of the nuclei of interest.
v’ neutron-gated y-ray spectra

—Very sensitive tool to obtain detailed
information on the nuclear structure of
daughter nuclei and to reveal fine
structure in the B-delayed neutron
emission process.
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Future and present ISOL facilities in Europe

EURISOL
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SPES HRMS: COSY Infinity calculation

Antonio Russo, LNS Catania
T. Kurtukian-Nieto, CENBG
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Counts
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A=88
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Use of SPES HRMS for isobar purification

1rst order calculation:
No energy spread/misalignment included

| (pps)
8.83 102
3.4 103
4.4 108
1.01 108
5.53 108

1.12 104

200(5) 2°ms
1.53(6) s
16.29(6) s  +11 960

2.84 (3) h

17.773(11) m

106.626(21) d

1t day UCx 5uA

Isobaric mass differences are given as
M/AM - A1 *931.494013 /| (M1 - M2)
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Use of SPES HRMS for isobar purification
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H. Sakai's talk

Tip m/Am
203 (3) ms -5223
1.07 (1) s -16 536
5.34 (5) s 0
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Use of SPES HRMS for isobar purification
A= 86

0+
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C. Gross's talk 86Br

I (Pps)
9.11 103
1.39 107

1.83 107

1.07 107

6.63 (3)s
46.5h 1

14.10h 2
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Ge
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m/Am

11 479
4726
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m/Am < 20 000
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+ 2435

Anabel Morales-Lopez ‘s talk
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A= 85
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Use of SPES HRMS for isobar purification
A= 87
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Isobar

I (PPS)
9.05 10!
2.78 103
1.46 10°
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2.46 107

1.48 107

I (Pps)
8.18 10!
3.78 102
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2.11 107
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2.021(12) s
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50.563(25) d
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-6 084
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1.75 106
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2.88 10*
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I (Pps)
1)
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7.28103
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2.41 109
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6.83 106
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T1/2

~0.14 s
0.56(8) s
5.50(12) s

55.65(13) s
73.3(5) m

4.81 1010y

T1/2

> 150 ns
0.27(5) s
0.543(4) s
8.57(4) s
58.2(3) s
9.65(6) h

58.51(6) d

m/Am
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0

+ 7 646
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m/Am

- 6 289

0

+ 7 589

+4 042

+ 3093

+ 2 545

+ 2 354
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