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R TRIUMF Outline

Motivation

Half lives and Pn-values results at N>126 region

Heaviest double neutron emitter measured

BRIKEN project and future goals



R TRIUMF B-delayed one-neutron emission

Parent nucleus Daughter nucleus Final nucleus
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QR TRIUMF Astrophysics motivation

The origin of the elements: r-process nucleosynthesis

B-delayed neutron emission has a twofold impact:
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QR TRIUMF Astrophysics motivation

The origin of the elements: r-process nucleosynthesis

B-delayed neutron emission has a twofold impact:
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QR TRIUMF Technological applications

Reactor kinetics in the nuclear power reactors

* |Important role in the reactor control.
* Maintaining the reactor in promt subcritical condition.
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QR TRIUMF B-delayed neutron detection

The detection of the neutron is based on the detection of products of the
following reaction of the neutron with 3He counters
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QR TRIUMF The Beta dELayEd Neutron (BELEN) detector

BELEN setup used at IGISOL Jyvaskyla (Finland), GSI Darmstadt and PTB
Braunsschweig (Germany)
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QR TRIUMF State of the art

Z number of protans

M=126

B1n —emitters: ~600 energetically
allowed ~230 measured so far

295 B2n emitters identified so far
24 measured (heaviest #8-100Rp)

M, number of neutrons
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Q2 TRIUMF Measurement of the heaviest neutron emitters N>126
N>126

Experiment at GSI : Region of interest Au, Hg, Tl, Pb, Bi
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@,TRIUMF Experimental setup UNILAC + SIS18 + FRS + SIMBA + BELEN
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Counts of implanted

1 I 1
258 26 262 264

Identified isotopes

0

: -
=1000

PID and implanted isotopes

List of isotopes implanted in SIMBA

Nuclel implants

200-205 Pt 203-208 Au 206-213 Ho 209-216 Tl 212-219Pb 215-222 Bi
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This work

o FRDM+QRPA
v DF3+cQRPA

A KTUY

Prev. Experiment A.l. Morales, et al. (2014,2015)

Prev. Experiment Z. Li, et al. (1998)

0 RHB+RQRPA

va QJ

___::_ _\<_/_m__—_/___ [ I i_:__:_llv_ h.m_.
. [+ 9¢l
@< O g
5 oerd — ¥l
o0 [1<] — g€l
oepb<] . .. — cEl
SRS e maN | O — 9Bl
0 O[> @ MIN 0 — SEl
Qo> @1 MaN O — vel
! ___mu;_:“ . _“_h_._m_:_, — eel
MIN @0 < O~ SEb
MIN @ < O — ¥EL
- MIN @B < O — €€l
= ) 4 O - eel
>~ ®> <0 —IEk
I i gp.n i _...:nﬂu_ _..II_._ i DMU—-
TTUMAN @0 & 0O ek
MIN @ <1 O — Ol
£ ® e: [ 62
m G D [ — 82
@S T EIET T e
2 04 ®= — 921
A L ol — St
- O < w0 — 921
o < rea . G2l
S ™ s M - g2l
O <De] — Vel
= O = — g2l
od b —es — zzl
. __O ; ,.,\MDWV r_.I o — kel
@ O = el
O o <rke g2
o < WO — 0z}
o« oo <ae — 6L
| ___:_ﬂ_ %: ‘mﬁ_:_ __m______ N_..—.
b B 2 - 5
— ~—

12

Neutron number N



QR TRIUMF Results: Neutron branching ratios (P,)

o  FRDM+QRPA —&— This work
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First Measurement of Several f-Delayed Neutron Emitting Isotopes Beyond N=126
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QR TRIUMF Experiment of a double neutron emitter

136Sb measurement (B2n emitter) with BELEN-48
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GISOL facility, Jyviskyla — Finland (Nov. 2014)
Isotope production using a penning trap 14



QR TRIUMF pTa—
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,@,TRIUMF Isotope production at JYFL with IGISOL - Layout
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Figure 1: Schematic layout of the new IGISOL-4 facility at JYFL.

[1] J. Aysté, T. Eronen, A. Jokinen, A. Kankainen, 1.D, Moore and H. Penttilid. Hyperfine

interactions 223, 1 (2014). ) 16
IGISOL: no isobars!



QR TRIUMF

136Sh B1n correlation
(~6 days of beamtime)

136

Sb B-1n correlation

B1nemitters measured

P1n results for B1n correlation of
measured isotopes
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QR TRIUMF 136Sb measurement (B2n emitter)

After 6 days of beamtime, Bnn-events confirmed!
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R TRIUMF 1138 — JYFL experiment collaboration
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R TRIUMF DESCANT detector at TRIUMF

DESCANT is coupled with
GRIFFIN HPGe array

J. Turko talk Feb 17
mentioned details of this
system and compared
simulations MC / Geant 4
and experiments

2 TRIUMF
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R TRIUMF BRIKEN collaboration project

~ 140 3He counters

Courtesy of
Jorge Agramunt

National Laboratory
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QR TRIUMF BRIKEN collaboration project
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QR TRIUMF BRIKEN collaboration project

Courtesy of
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QR TRIUMF BRIKEN collaboration project
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R TRIUMF BRIKEN collaboration project

DACQ is tested and
ready to operate

R TRIUMF
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QR TRIUMF BRIKEN collaboration project
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QR TRIUMF

BRIKEN collaboration project

Exp. number Title

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

NP1406-RIBF128

Measurements of new beta-delayed neutron

NP1412-RIBF127R1  emission properties around doubly-magic Ni

NP1512-RIBF139 Decay properties of r-process nuclei in

deformed region around A =100 ~ 125

NP1612-RIBF148 Masses, half-lives and beta delayed neutron
emission probabilities relevant to understand

the formation of the rare earth r process peak
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QR TRIUMF

» Heaviest B1n and f2n —emitters measured
» First neutron branching ratios measured for several nuclei

beyond the neutron shell closure N=126.

» B-decay half-lives have been determined for 18 isotopes, 9 of
them for the first time, together with the P, of 5 isotopes.

» 136Sh has been confirmed as a double neutron emitter. Analysis

is ongoing. >3



R TRIUMF
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