Testing the beta strength north-east of 78Ni

J.L. Tain, A. Algora, C. Domingo, B. Rubio, ...

IFIC-CSIC Valencia, Spain

D. Cano-Ott, A. Garcia, T. Martinez, ...

CIEMAT Madrid, Spain

R. Caballero, F. Calviio, G. Cortes, ...
SEN-UPC Barcelona, Spain

T. Davinson, A. Estrade, P. Woods, ...
University of Edinburgh, U.K

* The physics: r-process and shell structure
 Status of the knowledge in the region
* A choice of isotopes

Jose L. Tain @ IFIC-Valencia
2nd BRIKEN Workshop, RIKEN, July 29-30, 2013




e Beta strength calculations are needed in
order to obtain T,, and P, values for most of
the nuclei involved in r-process calculations
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* The quality of the model calculations is judged by comparison with
experimental T,, and eventually P, values in particular for the most neutron rich
accessible nuclei, which are however integral quantities

* Direct comparison of calculated and measured S;provides a more stringent

test of the nuclear structure models
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“North-East” of 78Nj

2d5/2

1g9/2

Ni

 Competition of First Forbidden
respect to Gamow-Teller

e Population of v2d5/2 above
N=50 opens the possibility of
“fast” transition to n1f5/2 when
not filled

» Shell reordering of n2p3/2 and
nl1f5/2 under influence of
residual interactions

All these affect the beta-
strength distribution



Status of theoretical calculations

Moeller et al., PRC67(03)55802:
« FRDM+QRPA

« GT (microscopic)+ FF (Gross Theory)

» Deformation from calculation except when available experimental information
* Qg and S, experimental or from FRDM calculations

 “Ad hoc” spreading width

Ratio: (GT+FF)/GT
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Borzov, PRC71(05)65801.:
 DF+CQRPA

 GT+ FF (microscopic)

* No deformation

* Qg and S, calculated internally
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Winger et al.,

PRL102(2009)142502
« P, measurement at HRIBF using y-intensities
« New DF+CQRPA calculations:

* Experimental Qg and S,

* Inversion of proton 2p3/2 and 1f5/2 orbitals
and proton shell “weakening”
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Previous work at JYFL Presented at ND2013, NY

PhD Thesis:

Pn (%)
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85As
85Ge
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PKM: Pfeiffer et al. PNE41(02)39


プレゼンター
プレゼンテーションのノート
Uncertainties large or discrepancies or single measurement
Sizeable contribution to nubar
Modification of the decay path


vlotivation: microscopic summation calculations of v, 10

« The delayed neutron fraction B is a
key parameter in the control of reactor
power

« Microscopic summation calculations T Zy_ P!
lack still the accuracy of Keepin six- d —
group formula !

 Reason: inaccuracies in fission yields

Number of delayed
neutrons per fission

Y and delayed neutron emission Can be used to identity P,
probabilities P, vall_Je_s that should be
revisited
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プレゼンター
プレゼンテーションのノート
Important for reactor control
Summation calculations as in decay heat or neutrino spectrum
YP plot vs sigma Pn shows nuclei to be measured
Region above 78Ni
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-Xperiment: production and selection of isotopes

JYFL Accelerator Laboratory JYFLTRAP Penning
trap: isotopic purification

IGISOL separator +
lon guide source:
refractory elements
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プレゼンター
プレゼンテーションのノート
Ion guide source: refractory elements
Penning trap: isotopic purification rates
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esults: comparison with theoretical estimates
FRDM-QRPA: Moeller et al.,

80 PRC67(03)55802
B? 20 Experiment: |
~ ® - this work DF3-cQRPA: Borzov,
0 N Y, SR I PRC71(05)65801,
60 .
- RAS NPA777(06)445
50 & : PKM _____ and
Theorv: PRC87(13)34315
40 o : FRDM-QRPA  and priv.com.
30 , * DF3S-CQRPA * Bith calculations
20 ¥, y reproduce T1/2
o T ———8 within a factor 2
0
isot
— Kratz-Hermann formula:
0.C o)
..and empirical formulas 0,-S,
=d
. j Q,-C
Pn (%) this work PKM MSJABS p
91Br 29.5(5) 12.1 27.0 McCutchan et al PRC86(12):
86As 35.5(6) 9.3 33.2 P
85As 63.1(10) 7.9 36.3 2 = a(Q,-S )’-’
85Ge 17.2(18) 4.3 9.8 g

1/2


プレゼンター
プレゼンテーションのノート
Theory: not so great
Need beta-strength to understand what is going on


Proposal for measurements at RIKEN
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Isotope @ Rate Q(MeV) Piln P2n PKM
86Ge | 8.2E+01 9.2 0.2385

87Ge | 6.7E+00 11.5 0.3073 | 0.0458

88Ge 6.7E-01 10.6 0.4907 | 0.0047

88As 2.9E+02 13.2 0.3218 0.022

89As 3.4E+01 12.2 0.7635 | 0.0133

90As 2.1E+00 14.5 0.2778 | 0.0261

91As 3.2E-01 13.4 0.8934 | 0.0316

90Se 1.4E+03 8.2 0.0083

91Se 1.1E+02 10.8 0.0378 21 10
92Se 1.2E+01 9.5 0.0323

93Se 8.2E-01 12.3 0.0958 | 0.0021

94Se 2.0E-01 10.8 0.0404

94Br 6.7E+01 13.7 0.146 0.0028 68 16
95Br 7.5E+00 12.4 0.9389 | 0.0015

96Br 5.9E-01 14.9 0.3218 | 0.0217

97Br 7.0E-02 13.4 0.8699 | 0.0387

Half-lives unknown or uncertain!

Rate: from U+Be fission file
P1n,P2n: Moeller et al., Phys. Rev. C67 (2003) 55802
PKM: Pfeiffer et al. experimental compilation, Prog. Nucl. Ener. 41 (2002) 39






Gamow-Teller Strength
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GT B-strength calculation (FRDM-QRPA) in 78Ni
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