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The knowledge we
have on nuclear 
structure and dynamics
is based on about
3000 nuclei, whereas
still more than 5000 
new nuclei must exist.

Almost all these new nuclei
are expected to be neutron
emitters, and hence, an
understanding of this
property and the involved
technique becomes of 
pivotal impotance for NS 
and future studies.

Motivation

Known Pn-Values

stability

Pn
bbbb-delayed neutron 
emission probability
(theory)

Pn: Moeller et al PRC67(2003)

Known T 1/2

What we expect (theory): What we know (experiments):

• Almost all new nuclei are expected to be n-emitters • Only about 200 n-emitters are known

bbbb-delayed neutron 
emission probability
(experiment)
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Introduction
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• b-delayed neutron emission may happen when the b-decay energy window Qb exceeds the

neutron separation energy Sn in the daughter nucleus. First reported by Roberts et al. in 1939.

• The half-live T1/2 yields information on the average b-feeding of a nucleus.

• Pn yields information on the b-feeding above the S n
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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 (!).

� First information about the nuclear structure determining the b-decay
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Introduction & Motivation

Credit: Q. Zhi et al., Phys. Rev. C 87, 2013

• b-delayed neutron emission may happen when the b-decay energy window Qb exceeds the

neutron separation energy Sn in the daughter nucleus. First reported by Roberts et al. in 1939.

• The half-live T1/2 yields information on the average b-feeding of a nucleus.

• Pn yields information on the b-feeding above the S n

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 (!).

N=82 N=126
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Shell structure and GT- FF- competition

� Nuclear Structure: FF vs. GT competition

2p1/2

1g9/2
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1f5/2
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2d5/2

n

50

GT

FF p1f5/2

n2d

p2p3/2

Moeller et al., PRC67(2003)

p
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2p3/2

n

28

78Ni

T1/2 Pn

(GT+FF)/GT
n2d5/2 Moeller et al., PRC67(2003)

Borzov, PRC71(2005)
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� Nuclear Structure: FF vs. GT competition

BELEN20 @ JYFL, 2009-2010

86As

p1f5/2

n2d

p2p3/2

PhD Thesis:
A. García (CIEMAT)
J. Agramunt (IFIC)

Shell structure and GT- FF- competition

bbbb n

85As 85As

Pn = 63.1(10)%

86As
bbbb

86As

n
Pn = 35.5(6)%

n2d5/2 J.L.Tain et al., Nuc. Data Sheets (2014)
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BELEN48 @ JYFL, (November 2014)

Delayed n-measurements for advanced reactor technologies and astrophysics

� Effective beta-delayed neutron fraction beff
� Key parameter in reactor control
� Major contributors to the number of delayed
neutrons in conventional and advanced reactors
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r-process nuclear physics input: the Pt-peakbn impacts final r-process abundances
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• Unknown r-process site � r-process models try to reproduce abundances
• Need to fix uncertainty from nuclear physics input
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without beta-delayed neutrons

with � -delayed neutrons
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R. Surman, � n-workshop, Oak Ridge, May 2013,

Gordon conf., June 2013,  at ARIS  June 2014 
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A.Arcones



S323: Pn’s around N=82

238U, 1 GeV/u,  2x109 pps

First use of BELEN at a fragmentation facility (!)

S410: Pn’s around N=126

121-128Pd

124-129Ag

127-131Cd

129-131In

Au
208-211Hg

211-215Tl

214-218Pb
Bi
Po
At
Rn

PhD Thesis: R. Caballero-Folch (UPC)
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PhD Thesis: K. Smith (NSCL-MSU)

218-220Bi



Tracking: b- b-

Beam

Implantation

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

Implant-beta time-correlations:

Implant-beta-neutron correlations:

209Hg

Tracking: 
(X,Y) 
Implants

b-
absorber

b-
absorber

Implantation
area

213Tl

214Tl

210Hg

211Tl 208-211Hg

211-215Tl
214-218Pb

218-220Bi
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g-quanta

n + 3He ®®®® 3H + 1H + 0.764 MeV
(abund.=0.00014%) 

neutrons
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NERO 
(NSCL)

3HEN 
(ORNL)

BELEN 
(FAIR)

ALTO
(DESIR)

60 74 48 90

HD-PE Matrix

CS En
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•Eff. independent on neutron E-spectrum.
• E-spectrum can be infered from rings info.
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http://indico.ific.uv.es/indico/event/briken 1st BRIKEN Workshop, Valencia  17-18 Dec. 2012
http://indico.ific.uv.es/indico/event/briken2 2nd BRIKEN Workshop, Tokyo, 30-31 July 2013

>50 Scientists
>20 Research Centers

Open project, to join:
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� 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 
the predicted r-process abundance of Te in the S.S.

� Relevant to constrain the conditions of the r-process 
operating early in the Galaxy

(not averaged like in the solar)
• Te/Ba ratio is sensitive to 

+  r-process conditions
+  contribution of the weak r-process

� Pn is one of the important unknown affecting the ratio Te/Ba

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

First observation of Te in metal poor stars (!!)

Ru

Rh

Pd

Ag

Cd

different  T, � n, shift the 130 peak
N = 82I. Roederer et al., The Astroph. Journ. Lett. 2012
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Setting 2 (2 days)

Main Motivations

1)     N = 82 nuclei                              (129Ag, 128Pd, 127Rh)
– possibly the most exotic probe of shell model 
– possibly the largest source of neutron during freezout

2)    Rh, Pd, Ag are progenitors of Te       (131Ag, 129Pd)
Sb, Sn, In are progenitors of Ba

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

Elemental distribution in HD108317

Te

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

Setting 1 (8 days)

Setting 2 (2 days)

Neutron number

Measurement of 33xP1n , 11xP2n 
and  3xP3n

All relevant to the A=130 peak
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Spokespersons: A. Estrade, G. Lorusso, F.Montes



The 1st r-process peak and Hubble observations in metal poor stars 

Se

arXiv:1406:4554v1

1st r-peak
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Spokespersons: I.Dillmann, R. Grywacz, K.Ryckazewscki & J.L.Tain

Se

To be presented
in December
NP-PAC 2014 at 
RIKEN

1 r-peak
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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• 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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2009-2010 2011 2014 2015 2018-2019

JYFL GSI JYFL RIKEN FAIR NUSTAR

BELEN20 BELEN30 BELEN48 BRIKEN-174 BELEN48

PHASE 0 PHASE 1
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