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The knowledge we
have on nuclear
structure and dynamics
Is based on about

Almost all these new nuclei
are expected to be neutron
emitters, and hence, an
understanding of this

3000 nuclei, whereas F:Hh_;':ii.-: - “\@x o\é\ property and the involved
still more than 5000 ﬂ!ﬂ% o\ o technique becomes of
new nuclei must exist. _;3,-!":?:3‘!.- QQ(\ pivotal impotance for NS
fifj! B0 e\,;\e\ and future studies.
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What we expect (theory): What we know (experiments):
b-delayed neutron = p-delayed neutron
emission probability - emission probability £
(theory) y - (experiment) |
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» AlImost all new nuclei are expected to be n-emitters
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» Only about 200 n-emitters are known



Introduction

* b-delayed neutron emission may happen when the b-decay energy window Q, exceeds the
neutron separation energy S, in the daughter nucleus. First reported by Roberts et al. in 1939.
» The half-live T,,, yields information on the average b-feeding of a nucleus.

* P, yields information on the b-feeding above the S |

|
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First information about the nuclear structure determining the b-decay o f(Qb - EX)XT1/2

Despite of the relatively simple Pn “definition”, Pn values are rather difficult to predict theoretically,
as they are reflecting the “shape” of the b-strength distribution and the underlying fine-structure of

the nucleus at high excitation energy (!).
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Introduction & Motivation

* b-delayed neutron emission may happen when the b-decay energy window Q, exceeds the
neutron separation energy S, in the daughter nucleus. First reported by Roberts et al. in 1939.
» The half-live T,,, yields information on the average b-feeding of a nucleus.

* P, yields information on the b-feeding above the S |

Credit: Q. Zhi et al., Phys. Rev. C 87, 2013
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Despite of the relatively simple Pn “definition”, Pn values are rather difficult to predict theoretically,
as they are reflecting the “shape” of the b-strength distribution and the underlying fine-structure of

the nucleus at high excitation energy (!).
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Shell structure and GT- FF- competition

Nuclear Structure: FF vs. GT competition ’
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Shell structure and GT- FF- competition
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Delayed n-measurements for advanced reactor technologies and astrophysics
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Effective beta-delayed neutron fraction b
Key parameter in reactor control

Major contributors to the number of delayed
neutrons in conventional and advanced reactors
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Proposal for the JYFL Accelerator Laboratory

Delayed neutron measurements for advanced reactor
technologies and astrophysics

M.B. Gomez Hornillos, R. Caballero, F. Calviiio, G. Cortés, C. Pretel, A. Poch, A.
Riego
UPC-Bar{

Proposal for the JYFL Accelerator Laboratory
13. September 2012
J.L. Tain, J. Agramunt, A. Algora', C. D
B. Rubio
IFIC,CSIC-Univ. Ve

Measurement of the beta-delayed two-neutron emitter 136h
with the BELEN detector

I. Dillmann, M. Marta, A. Evdokimov, N.N. (PhD student)
GSI Helmholtz Center for Heavy lon Research Darmstadt and Justus-Liebig University

Giessen, Germany

G. Cortés, A. Riego, R. Caballero, F. Calvifio, C. Pretel, A. Poch
UPC Barcelona, Spain.

J. L. Tain, J. Agramunt, A. Algora, C. Domingo, M.D. Jordan, S. Orrigo, B. Rubio, E. Valencia
IFIC,CSIC-Univ. Valencia, Valencia, Spain
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Impacts final r-process abundances

e Unknown r-process site  r-process models try to reproduce abundances

abundance
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PHYSICAL REVIEW C 83, 045809 (2011)

Dynamical r-process studies within the neutrino-driven wind scenario and its sensitivity
to the nuclear physics input

A. Arcones'>" and G. Martinez-Pinedo?
Vnstitut fiir Kernphysik, Technische Universitiit Darmstadt, D-64289 Darmstadi, Germany
2GSI Helmholizzentrum fiir Schwerionenforschung, PlanckstraBe 1, D-64291 Darmstadt, Germany

* Need to fix uncertainty from nuclear physics input

post r-process abundances Y(A)
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First use of BELEN at a fragmentation facility (!)

“°U, 1 GeViu, 2x10°pps  gr= m= [ BELEN30
B (N Beta dELayed Neutron

emission detector
(DESPEC/NUSTAR)

S410: Pn’s around N=126
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Counts

S410: Half-lives and neutron branchings around N=126

Implant-beta time-correlations:
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n+°3He® 3H+1H +0.764 MeV
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*Eff. independent on neutron E-spectrum.
» E-spectrum can be infered from rings info.
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The A= 130 peak and Hubble observations in metal poor stars

First observation of Te in metal poor stars (!)

New Te observation (A 130) and Ba (A 140) highlight
r-process conditions in single r-process events (!)
Te-abundance in UMP-Stars offers and independent test on
HUBBLE &% : - the predicted r-process abundance of Te in the S.S.
meqn | LY 0 ieag Relevant to constrain the conditions of the r-process

R P operating early in the Galaxy

1.0 Bp 4173248 (not averaged like in the solar)

1 . Te/Baratio is sensitive to
7 + r-process conditions
+ contribution of the weak r-process
Pn is one of the important unknown affecting the ratio Te/Ba

0.8 -

0.6 \
041 [Te/Fe] = +0.60 .
! | . | | f\:)l

2385.0 2385.56 238B6.0 2386.5

Wavelength (A) \ \ = >
200} q..  BD+173248 '-_ cd <& B
- Ag K;:
] ; N
- Pd <
] Rh A} ‘ 3
" . E
30 40 50 60 70 80 90
Atomic Number ' different T, "’ shift the 130 peak
|. Roederer et al., The Astroph. Journ. Lett. 2012 N =82
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Abundance

The A= 130 peak and Hubble observations in metal poor stars

Elemental distribution in HD108317

10

¢ HD108317

Te

107

Measurement of 33xP1n, 11xP2n
and 3xP3n

All relevant to the A=130 peak

Measurement of $-delayed neutron emission probabilities relevant to the
A = 130 r-process abundance peak

SUMMARY OF THE EXPERIMENT

We propose to study the 3-delayed neutyan efnission\probabilities (Py-values) of a large range
of nuclei in the region around '*2
These measurements aregsplci il redeant ‘ziven the regq® oberyitions of elements Cd (Z=48)
and Te (Z=52) in metal-p o stirs. Our proposgdmacist reinens Will greatly improve the reliability
of r-process modeling and will allowgeo Txtiacs sp icific r-process conditions responsible for the

Sn, cffiid)] Haandedstand the r-process abundance peak A = 130.

observed Te and Ba abundan@® ' sifese meval-poor stars. In addition, our measurements will
also have implications for igglénr strtcture models, providing first experimental constraints in a
region where in many cades, half-lives are the only experimental ground state property known
(e.g. south-east of 1328n). This proposal is part of the BRIKEN project for which a construction
proposal was approved in the 2014 NP-PAC.

Spokespersons: A. Estrade, G. Lorusso, F.Montes

Main Motivations

N = 82 nuclei

1)

2)

3)

(129Ag, 128Pd, 127Rh)

— possibly the most exotic probe of shell model
— possibly the largest source of neutron during freezout

Rh, Pd, Ag are progenitors of Te
Sb, Sn, In are progenitors of Ba

Candidate for b-2n, b-3n emission

(131Ag’ 129Pd)

Ba (56)
Cs (55)
Xe (54)
1(53)

Te (52)
Sb (51)
Sn (50)
In (49)

Cd (48)
Ag (47)
Pd (46)
Rh (45)

Ru (44)
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The 15t r-process peak and Hubble observations in metal poor star
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It is proposed to measure new beta-delayed neutron (Bn) emission properties for nuclei H D b . [ ] ]
near doubly-magic *Ni using the world-largest array of *He counters BRIKEN and highly I n ecel I I er r + * 7

segmented array of Silicon detectors AIDA. The RIKEN’s Big RIPS fragment separator will be -1.0 - | H | | | | | | e
used to select Bn-emitting nuclei from all products of the **°U 345 (MeV/u) + °Be reaction. N P_ PAC 20 14 — e e S ety S 5
The experiment will result in the first measurement of twenty one Py, values for nuclei at 30 40 50 60 70 80 20
between “°Co and **Se including that one of the doubly-magic "*Ni as well as the discovery of Atomic Number
thirteen B2n emitters’’Ni and °*As and determination of their P,, values. The investigated R | K E N

nuclei are located on the r-process path and new data can be used directly in nucleosynthesis
network calculations. The observables will also reveal nuclear structure of studied nuclei by
yielding data on the allowed and first-forbidden beta transition strength as well as on the
competition of B1n and B2n decay modes.

Spokespersons: I.Dillmann, R. Grywacz, K.Ryckazewscki & J.L.Tain
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» Beta-delayed neutrons will be one of the key Gross properties we will aiming at
measuring in the next generation of RIB facilities, like NUSTAR-FAIR.

* bn measurements respresent an stringent test for nuclear models far-off stability and
how well the nuclear structure details (beta-strength function) are included.

* In stellar nucleosynthesis b-delayed neutron emission plays a relevant role for
understanding both the observed r-process distributions and dynamical evolution.

* We intend to study these aspects in the framework of the BRIKEN Project devoted to
the measurement of the most exotic nuclei at the RIB facility of RIKEN.

 BRIKEN is a joint international effort, to join instrumentation and expertise in order to
build a high-performance —high+flat efficiency- neutron detector array, to be set-up and
operated for an experimental campaign at RIKEN.

* First physics proposals already approved at RIKEN, to be carried out in 2015.

Thank you for your attention!
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