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What’s BE

* He-3 proportional 1
* HPPE WE /eSS s
+ Trigger-lessDACQ | U/ ERSIPE
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Developed within the DESPEC-NUSTAR cdllaboration for FAIR
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Delayed neutrons
IfS, < Q,

and the [3-decay proceeds to states above S_, neutron emission competes and can

dominate over y-ray emission.

The process will dominate far from stability on the n-rich side.
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Beta decay in the

B-delayed neutron emission probability

stability
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Nuclear power safety:
NPP reactors are designed to be prompt-neutron subcritical. Criticality is controlled
by delayed neutrons. Some FP are delayed neutron emitters.

Nuclear Energy Agency (NEA) highlights the importance of experimental
measurements and data evaluation of delayed neutron emission in its working group
6 “Delayed neutron data” [WPEC-SG6].

Rapid neutron-capture process of stellar nucleosynthesis:

Stellar abundances: delayed neutron emission probability (P,) of r-process isobaric
nuclei define the decay path towards stability during freeze-out, and provide a
source of late time neutrons.

Nuclear Structure:

Additionally the measured half-lives (T,,,) and B-delayed neutron-emission
probabilities (P,) can be used as first probes of the structure of the 3-decay parent
and daughter nuclei in this mass region.
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Table 13-1. Neutron and gamma-fay interaction probabilitesin typical gas 102 107 10° 10' 107 10° 10° 10° 10° 10
proportional counters and scintillators _ Energia (eV)
Interaction Probability * These neutron counters are gaseous
Thermal Detectors ~ Thermal Neutron 1-MeV Gamma Ray  IONization detectors that use 3He as

I-!He(z scmdmm 43“)% Convertlng gas_

* Due to the high thermal capture

3{;‘2(55 t?:m dlangtﬁ?atm) : 029 g%z cross section, 3He filled counters
Mifu.,, wall (0. Brnm} - 0:0 - 0'01 4 have a high neutron sensitivity.
_ o | Interaction Probability * For non-thermal neutrons, the high
Fast Detectors ~ 1-MeV Neutron 1-MeV Gamma Ray ?nfgg:?aigr:an be exploited by using
*He (5.0 cm diam, 18 atm) - 001 0001  « Al these characteristics make 3He-
Al tube wall (0.8 mm) - 00 - 0014 filled counters very attractive for
Scintillator (5.0 cm thick) . 0.78 : 0.26

applications requiring high neutron
efficiency and good neutron/gamma
discrimination (thermal/fast neutron
counting, spectroscopy, etc.).
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N, is the number of beta decays

N Pulyethwi |

P — n

. /N
N N
p Proportional counter

going through neutron emission n+3He — 3H + 'H + 765 keV

Ng is the number of decays

n+1%B — 7Li+“He + 0.48 y + 2.3 MeV

Some key issues concerning the technique:

Moderation of the neutrons is required

Purity of the sources = background issues

High efficiency of the whole detector

Flatness. The efficiency curve of the detector should be as flat as possible (no
dependence on the E of the neutrons up to the highest possible energy).
Much better if DACQ is trigger-less

Examples: “Krat’s long counter”, NERO, BELEN, 3Hen, LOENIE, TETRA, ...
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Detector design assisted by intensive MC simulatic

Front view

* Energy of beta-delayed neutrons not well known

Beam hole * The neutron detection efficiency must be as flat as

possible for a wide range of neutron energies

* The efficiency depends on many parameters:

¢ Diameter of beam hole

Polyethylene shielding

e Number of neutron counters

* Distance of counters to the center of polyethylene
matrix

* Number of rings

Rings of 3He proportional counters Moderator, Polyethylene
matrix

Neutron detection efficiency
A4 I T TR R e e GRS LIRS 5 B S S

3-D view

.
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sl . V. Gorlychey, PhD thesis 2014

Meutron detection efficiency (%)

0e®™ i B. Hornillos (Until 2013)
o e ] AdRiego, PhD thesis 2016
W oo w w ¢ G.Cortes

Energy (Mev)

P. Calvino
F. Calvino. UPC. BELEN 2nd CUNA WS. 29 Feb - 1 Mar 2016 10



Prototypes

[1]
[2]

3]

[4]

[5]
[5]
[6]

3 Ratio Ratio
Detector He Pressure ; Mean Beam hole
Experiment @ @ - .
Name counters (atm) 3 MeV 5 MeV efficiency radii (cm)
e e
BELEN-20 20 20 IGISOL: Jyvaskyla - 2009 --- DONE 1.17 [1.60] 27% 5.5
BELEN-20 20 20 IGISOL: Jyvaskyla - 2010 --- DONE 1.17 [1.60] 35% 5.5
BELEN-30 20+410 20& 10 GSl: Germany—2011 --- DONE 1.17 [1.70] 40% (Slll\}I.BSA)
BELEN-48  40+8  8&10 @10 Germany-06/2013 (Detector ) 416 4y, 5.5
calibration) --- DONE
BELEN-48 40+8 8&10 IGISOL: Jyvaskyla — DONE 1.02 1.16 45% 5.5
BELEN-48 40+8 8&10 IGISOL: Jyvaskyla -- DONE 1.02 1.12 61% 3
BELEN-48 40+8 8&10 FAIR / DESPEC 1.07 1.18 45% 8.0 (AIDA)

1] Paper: J. Agramunt et al, “New Beta-delayed Neutron Measurements in the Light-mass Fission Group”,
Nuclear Data Sheets, Volume 120, June-2014, pages 74-77

[2]
3]

[4]
[5]

[6]

Not yet finished data analysis. Distribution of neutron counters optimized to increase the mean efficiency.

GSI: S410/5323. “Measurement of beta-delayed neutrons around 3™ r-process peak”. (Phd.Thesis Roger
Caballero) Paper: R. Caballero-Folch, et al. “B-decay and 8-delayed Neutron Emission Measurements at GSI-
FRS Beyond N=126, for r-process Nucleosynthesis”, Nuclear Data Sheets, Volume 120, June2014, pages 81-83

Measurements done on 24-28 June 2013. Preliminary experimental results agree with MC simulations

Two experiments: 1162 “Delayed neutron measurements for advanced reactor technologies and astrophysics”,
and 1181 “Measurement of the beta-delayed 2-neutron emitter 136Sb” were done on November-2014. Two
matrix wereused: One with a beam hole of 3 cm radii, and other with a beam hole radii of 5.5 cm to insert a
HPGe detector for gamma coincidence measurements.

Design for DESPEC / FAIR. Polyethylene matrix 80x80x90 cm3. Beta partlcle detector: AIDA
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Latest results with BELE

S410: First measurement of several Bn-emitters beyond N =126

238y, 1 GeV/u, 2x10° pps BELEN30
Beta dELayed Neutron
emission detector

H= == DI  (DESPEC/NUSTAR)

NBB
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S410: First measurement of se

- GSI-FRS Experiment (S410) using
SIMBA + BELEN: precursor of

L Dy oA AIDA+BRIKEN & AIDA +
® Prev. Experiment A.l. Morales, et al. (2014,2015) - BELEN
[ RHB+RQRPA @NUSTAR
B Prev. Experiment Z. Li, et al. (1998)
- : - v Prew@iPA > Demonstrates uneven performance of
10° Re 40s, Ir P AL LH . T %Pb © Bi state-of-the-art global models on both
(o] d { ] 3 . N .
i o] B, 1a% ¢ . i Y50 ] sides of N=126 - Large uncertainties in
1B X dnvesdt A‘E ; g, ‘i: #8203 o ®. = r-process model calculations
";10:.AA v Sgﬁq DOX % < o4 R ] “ﬂgﬁv - Need of more experimental data
~ E 3 o F | £ = Ey F _E_ 3
B ;%@%??$ oo 8 e, < §$§ around N=126 (Source:
1 + L I 1 Zlgo Fogsa Rs ] - arXiv:1511.01296, submitted to Phys.
- Oogt Yoo = Rev. Lett.)
10-1 I I Y S I ) s o I B ;I
2REUIINNIAAANBNRABLEEYBIRBIBEVEIBELE oy b 1peqis: R, Caballero-Folch (UPC)
Neut ber N o
euron number C. Domingo-Pardo (IFIC)
= Phenomenological | {(hMMiernik, 2013}
o FPhaenomenological |1 (MoCutchan 2t al., 2012)
—a— T his wwork
= [ — =
—= — P, upper limits t - =
O 10 ; = i
- . N
1= =2 = =S
107 ;— =
_21DHQ =21 ‘IHQ 21 1—I-| 212—.—. 21::-Ii—l-l 21-:II—I-I 21 S—I—I 21!;—|—|
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http://arxiv.org/abs/1511.01296

Experiments in JYFL 201

JYFL Accelerator Laboratory

Before relocation!

IGISOL separator + ion
guide source:
refractory elements

p(25MeV) + Th/U

o0k 10KV o—— 500 ¥

® o o o o & o'-:.:,' helium
e 0 o 000 3{" input
tamget 'E = ﬁ‘ud
S F 85As f H'.'\
extraction ) accelerator -g 10° E b
electrode skimmer heam o E T L j
102 3
e [
10 & =
88y 1450 85Ge 6 - r\/& r,[ ‘ f
1k
%Rb 1030 8As 175 E j L M
95 86 L
Rb 760 As 30 L 1.2652 1 2653 1. 2654 1 2655 1 2656 1 2657 1 2658

137 91 Frequency (MHz)
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1162: Delayed neutron me

technologies and astrophysi

10

The delaye(?I neutron fraction B is a key Number of delayed

parameter in the control of reactor power neutrons per fission
Microscopic summation calculations lack still the . i
accuracy of Keepin six-group formula Vg = ZY, ¥ Pn
Reason: inaccuracies in fission yields Y and i

delayed neutron emission probabilities P, Used to identify P_ values that should

be revisited (sensitivity study)

n ‘ , g 100
Yield[%] Pfeiffer&Kratz,2002 = M
235
245Cm
A
90 100 110 120 130 140 150 160 Uncertainties in Pn values (%) .

* Supported by FP7-EURATOM CHANDA Project
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500

I 27.5 =
R19 @G}@/@ ' %
= oY =~ 9
Q ~ R85 O ) S 2 ~Ring 161
o) @) O 5 ing 1042)[1)
48x 3He tubes (Do . O 50 a g 34211
: | )0 ko Total (42)[1
@é) /—R155 @'\/92?5%@ 2 1ol
/ @8@@@2@ T e SRR § L e
Inner hole 11 cm © 10 10 g;gy way 10
in diameter

New Plastic
Scint. Beta
detector

Setup with HPGe detector = W
Trigger-less DACQ
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Data acquired for: 98,98m,99Y’ 135,137Sb’138'|'e’ 138,139,140|

8T
0.548 3

1007
T35 M3

E,E;: 1:63.%:;? EE;: 1:3.92:[: =150 N8 »300 NS
- 0 -0 0]
pB-n PB-n
#TSr 3851 9951 LS -
425 M3 0853 3 0.269 5
1383b 1395b
[-: 100,00 B-: 100,00 B-: 100,003 350 M3 23 M3

Pz 0.05% Ben: 0.25% Pen: 0107
B-: 100.00% p-: 100.00%
B-n: 72 .00 B-n: 90007

Most challenging Sb-137: implantation rate: 0.5cps

1000 ¢ VP So— BnCorr
On-line!
4 . partial
Bn correlations statistics

10

—_

\‘I‘I‘ 1 ‘ 1 ‘ N‘l HHI |‘I‘ ‘ I‘“‘I I“ H
1 L L ! ! ! L -0.8  -06 -0.4 -0.2 4]
784650 784700 784750 784800 784850 784900 784950 785000 78505C

Off-line analysis in progress: PhD thesis J. Agramunt and A. Tolosa
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1181: Measurement of the beta-delayed twic

136 with the BELEN detector (I.Dillman

16. 3 (32) %
sp -
0.923 s
\ 135T
— e
_ . 19.0 s |
- P1n=
1.31 (5)%
136
Te . *
17.63s
l‘
135[
834s
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wXe
j
e
52

LSn W11 ool TI ]

49"1
“i

~ '

134Te
41.8 m

e Sizeable P,,, emission predicted

e Close to r-process path and
1325n

e Accessible at JYFL as pure
isotopic beam
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1181: BELE

500

Neutron detection efficiency (%)

70 T T
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10°

Inner hole 6 cm in diameter

Configuration optimized for

efficiency: 50% increase. Factor 2

for nn detection
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1181: B

. .MCP coun_ts per 5 bunches o mﬁ_mmgdatul(wz] + Some On'llne pIOtS !
a 181 ms L : Lo S . . .
1000 k- . : g (partlal Statlstlcs)
wE Correlation time
AR S e s s A e window: I[3-1ms,+1ms]

4502 Entries = 5101

C Mean -0.05943

il 400? RMS 0.152
350;
01 300;
790450 790500 790550 790600 790650 790700 7907 250 E_

Implantation rate: 1.5cps 200= B-neutron
150 correlations
Cycle: 9.5s 1o0b
TB TBelen C
0= anmﬁTB1o;§§3 s w 50 i—
RMS 2018 250b W WWM RMS 0‘1‘; 0JI5 _ | 0F5 . J1
mww Bnn
150— Bnn
7:_ Entries 53
W\ m_— n-rate 13 I RMS 03063
o i3 correlations
Analysis in progress: 8
oF
R. Caballero-Foch (TRIUMF) r
-

LLLILL L
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2n correlated background:

25

20

15

10

[=]

nn

nn
— Entries 11386
Mean 0
RMS 0.0447
1 3 65 b Integral 1.13%e+04

I R |||.|.||‘ R .Il‘l.lll T Y

-0.8 0.6 04 -0.2 0 0.2 0.4 0.6 08 1

-1

Reeder et al PRL47(1981)483:
e Similar detector: 42x 8atm tubes, 3 rings, £,=59%,

but PE: 50cmx50cmx50cm

window: [-1ms,+1ms]

é_Background 2n-rate:
“run 0.06-0.07cps
-1E_I ‘ -Dl.‘IJ “-06 I‘I-Ol.rll‘ I 0.2 I {‘) I 0.2 J ‘0.|4I‘I 0.|6I”I JO.BI ‘ I 1

Bkg. n-rate: 1.5¢cps

 nn background rate: 0.012cps (5x lower!)
e Assume cosmic-ray origin: muon capture and spallation

=>» Limits measurements based on nn correlation (need of nn corr.)
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The BRIKEN Collaborz
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BELEN at R

Beta-delayed neutron measurements of the most exotic nuclei

* The largest beta-delayed neutron detector
The AIDA implantation detector
BigRIPS spectrometer @ RIKEN

¥ LViRPOOL



Physics at BRIKEN: Accepted pro

LR

Systematics Study of
Decay Properties (T,,, P,,)

|

- = =
............

N=40 N=i0

-

L=

|
“"k; (1) Nuclear structure, shape determination
a6 (2) Study for r-process nucleosynthesis

AN 'ﬁ_ — m“ I'.:.: :

....................

.................

e

RIB127

6N N N L Ll L e el E———
SLELEE]
_.nn.::.:.:.n. phb bbb G. Lorusso, A. Estrade, F. Montes
8884 bbb libll - 33 new P, values
- sl ; -l
o1 o1 o a¥ o:d o] o _ P
= ol g 2n
-, “‘:'\ 8 :.‘ N’ 1] =40
et 1 e <
2 M - Stable
p T (] - Delayed Neutron
TR EL . Emission Not Possible
S. Nishimura, A. Algora [ - Potential Precursor
: -125P, (63~ 96 new P, )  |H -%Bnmeasured
[ - Not Observed/Unbound
" -36 ~ 47 New P,
. . — -~ 20 New Isotopes
K. Rykaczewski, J. Tain, RIB139

R. Gryzywacz, I. Dillmann
-20 new P_values RIB128
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Status of the BRIKEN

Design of a flexible neutron counter for BRIKEN

A. Tarifefio-Saldivia(IFIC & UPC), J.L. Tain(IFIC) and C. Domingo-Pardo(IFIC)

The BRIKEN detector is conceived to address measurements of very neutron-
rich nuclei with astrophysical implications. The research will be focused on
improvements of Pn uncertainties of known nuclei, measurements of multiple
neutron emitters (2n, 3n, . . . ) and study of the properties of very exotic unknown
nuclei. To meet these research goals, regarding current production rates at
RIKEN, the main requirements for the BRIKEN neutron counter are:

1. Neutron efficiency higher than 60% up to 1MeV.

2. Flat response up to 1MeV and small variations of the efficiency up to 5MeV.
3. Gamma-ray detection capabilities compatible with high neutron efficiency and

flatness (hybrid mode).

Hybrid detector using ORNL clovers

How to do it? —
Using 3He counter, but... group

Diameter
(inch/cm)

Eff. Length
(inch/mm)

Total
counters

1/ 2.54
21254

1/ 2.54
1.18/3
TOTAL

24 | 609.6
24 | 609.6

118.1 ]/ 300

~18.9/ 48

179

F. Calvino. UPC. BELEN  2nd CUNA WS. 29 Feb - 1 Mar 2016
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Status of the BRIKEN project

We have developed a parametrized Monte Carlo optimization
algorithm for Geant4

Hybrid mode

~ 750

(GEometry ANd Tracking)

Geant4is a toolkit
for the simulation of
the passage  of
particles through
matter.

Problem:

How to place 179 counters to obtain the efficiency as high and flat as
possible?
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Status of the BRIKEN project

Parametrization of the counter array distribution
hp= 2.0cm, fr=0.0 ho= 2.0cm, fr=0.68
[

H N I (| - o0 _00
40 40
» » ®
30— . ..'... . — 30— ® ® ... ® ®
20/ Sed O 20/ .. °. ...
: m .. Y . o® i Ooooo iyl ®e %o,
Eﬂ)—' ODD ® — _Ej[l‘..oo Q 90O D @ co..'“
o8 'o Il.ﬁcm_ - «®: ®. N
sor | [eLghse et i
_10 OOO ‘oa o _10-..- 2P 0000 & ¢ @ (o
. . .. ... .OOOO OOQO. ...
20— ... ... 20— .. 2000 ..
‘009 % 0° ®ee’'y00?
-30+ @ — =30 Y ) —
e® 0y ‘o 0% %o o
" I R N N T B . o0 0o N
-40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40
X (cm) X (cm)
(a) (b) (c)
Tube type color code: Type 1 and 2 .Type 3 .Type 4 .Type 4

Parametrization hybrid mode: Hybrid detector using ORNL clovers

Owner

Diameter |Eff. Length| Total Used
(inch/icm) | (inch/mm) | counters | counters

1/2.54 23.62] 600 52
1/2.54 24]609.6 17
2/2.54 24]609.6 64
1/2.54 118.1/ 300 26
1.18/3 ~18.9/48 20
TOTAL

UPC + GSI
ORNL
ORNL

P=P(ih,f)
i: Group index
h,: Separation from inner border

RIKEN
JINR

f.: Separation between counters

Color
code

Available

F. Calvino. UPC. BELEN  2nd CUNA WS. 29 Feb - 1 Mar 2016
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Status of the BRIKEN proj

God compromise between flatness and efficiency

Monte Carlo

simulation results

Analysis up to 1MeV Flatness \ Analysis up to 5MeV Flatness
0 7 T | T T | T | T ] T L] 1.06 G T _| T T T | T | T T T 1.40
b B 51 '
1.05 1.35
06 — 06
1.04 1 1.30
0.5 [ g 0.5 - |
f, 1.03 f, b e 1 FAt1.25
0.4 |- - 0.4 | <L - 4L
1.02 2 1 | 1Fd1.20
0.3 — 03 B
1.01 1 FH1.15
0.2 " —— [ R 100 0.2 I- P R R R B R L 10
0.5 06 07 08 09 T6—11 1.2 _~"05 06 0.7 08 09 10 1.1 [1.2

hy (cm)

Maximum average
efficiency

FLEXIBLE design concept: Compact mode

Removing clovers, insertion of a PE piece fitting the
hole geometry. Using JINR counters. Thus, we have

148 + 18 =166 counters:

Hybrid detector using ORNL clovers

Owner
group

Diameter
(inchlecm)

Eff. Length Total Used
(inchimm) | counters

counters

Color

Available
code

1/2.54 24]609.6
21254 24]609.6
1/2.54 118.1/ 300

1.18/3 ~18.9/48

17
64
26
20
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Flattest efficiency
up to 5 MeV
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The BRIKEN neutron counter
BRIKEN detector: Design data
100 P

Neutron efficiency (%)

o0 | —* Hybrid, two clovers — 148 counters _
~-m- Compact — 148 counters
—— Compact — 166 counters

O IIII 1 1 IIIIIII i IIIIIIII 1 1 IIIIIII 1 Ll 1
1071 1073 1077 107" 1 35
Energy (MeV)

PE moderator already constructed.
It has just arrived at RIKEN! ©
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Development of the DACC

J. Agramunt and A. Tolosa (IFIC)
e Enhancement of our BELEN trigger-less DACQ

 New digitizers Struck SI1S3316 (250MHz,16ch, 7modules) added
to original SIS3302 (100MHz, 8ch, 8modules) dig.

e Multi-crate (VME)

 New differential-unipolar converter cards

e New DACQ control and on-line software

e 48 channel system tested at JYFL (Nov. 2014)

* First synchronization test
with AIDA-DACQ and
BIGRIBS-DACQ at RIKEN
(Feb. 2015)

e Ongoing tests at IFIC with

BELEN-48




e Spectrometric capabilities (Bonner spheres principle)
e New semiconductor n-detectors (?)
* New collaborations are welcome
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Summa

e He-3 excellent for thermal n detection (50+ available)
e Different configurations tested

e Configuration is experiment dependent

e Expertise on optimization

e Trigger-less DACQ very important

e ...can be used for background measurements (Felsenkeller, LSC, ...
-2 Tain)
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Development of the DACC

J. Agramunt and A. Tolosa (IFIC)
e Enhancement of our BELEN trigger-less DACQ

 New digitizers Struck SI1S3316 (250MHz,16ch, 7modules) added
to original SIS3302 (100MHz, 8ch, 8modules) dig.

e Multi-crate (VME)

 New differential-unipolar converter cards

e New DACQ control and on-line software

e 48 channel system tested at JYFL (Nov. 2014)

* First synchronization test
with AIDA-DACQ and
BIGRIBS-DACQ at RIKEN
(Feb. 2015)

e Ongoing tests at IFIC with

BELEN-48




Physics at BRIKEN: Accepted |

.....
........................

K. Rykaczewski, J. Tain,
R. Gryzywacz, I. Dillmann

-20 new P_values RIB128

— -~ 20 New Isotopes

RIB127

|
Systematics Stydy of L 4 (1) Nuclear structure, shape determination
Decay Properties (T, 5, P;) - S5 (2) Study for r-process nucleosynthesis
I a9 ——
N=40 Net0 ERELEELUMEEE [)-Cc NNEARNE
i ! ARNENEANNEEEE AEAN
EOET |
_.nn.::.n.:. G. Lorusso, A. Estrade, F. Montes
w9 a] s
S i SN T0 - 33 new P, values
- sl ; -l
o110 s b b s _h )
: L -l- g
e .“-‘-" 8 : R L % Zundl
-l 2l Il ;
2 B - Stable
' a (] - Delayed Neutron
TR EL . Emission Not Possible
S. Nishimura, A. Algora . Potential Precursor
- -125P, (63~ 96 new P, ) - %6-nmeasured
[ - Not Observed/Unbound
u -36 ~ 47 New P,,

RIB139
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RIBF127: Bn-releva

Spokespersons: G. Lorusso(NPL), A. Estrade(Edinburgh), F. Montes(NSCL)

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
the predicted r-process abundance of Te in the S.S.

HI'E . Relevant to constrain the conditions of the r-process
. operating early in the Galaxy
1.0 Bp .17 9248 g | (not averaged like in the solar)
3 1 . Te/Baratio is sensitive to
0.8 - s + r-process conditions
I 1 + contribution of the weak r-process
0.6 (\ _ . Pnis one of the important unknown affecting the ratio Te/Ba
0.4 L [Te/Fe] = +0.60 .
ul ! | ! | LT ,3
2385.0 2385.5 2386.0 2386.5 : .
Wavelength (R) \ \ "
' Cd < AN
MOH LY
Pd ; AN
Rh T
scaled SS 8 process
______ 1 NN AATR RU -1
Atomic Number : different T, pn’ shift the 130 peak
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RIBF127: Bn

Elemental distribution in HD108317

10
E Te ® HD108317
1
)
o
c
@
o
c
3
a
<
107"
102
z
Measurement of 33xPg, , 11xPg,,
and 3xPgz,
All relevant to the A=130 peak
Measurement of F-delayed neutron emission probabilities relevant to the
A =130 r-process abundance peak
SUMMARY OF THE EXPERIMENT
We propose to study the -delayed neutrgn cffission Wt :n;.}-i]itim (Py-values) of a large range
of nuclei in the region around ! PN Pewiedbtand the rprocess abundance peak A & 130,

1 the roeg@®oileryitions of clements Cd (Z=48)

greatly improve the reliability

o WY, spkeille r-process conditions responsible for the

d Ba abundan@s 1) Mgt Wal-poor st sments will
mental constraints in a
tate property know:

.. south-cast of '**8n). This proposal is part of the BRIKEN project for which a construction
proposal was approved in the 2014 NP-PAC,

s for ARRlOr strvtcture models,

1)

2)

3)

Main Motivations

N = 82 nuclei

— 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)

(129Ag, 128Pd, 127Rh)

Setting 2 (2 days)

Ba128 Ba140] Ba141| Bai42) Bal43)|Bat44Bal45 | Bat48 )| Bal47|Bat48 | Ba140 yﬂ"galﬁ Bal
Ba (56)
Cs127)Cs128 Cs130] Cs140) Cs141) Cs142)| Cs143 ) Cs144 | Cs145) Cs148 Pﬁ Cs148]Cs148| Cs150 C5151'
Cs (55) A
¥el27 Xel13B) Xe130] Xel40] Xel41 | Xel42] Xa143 | Xe) ¥el45| Xel48] KXo 147 | X148 Xe148 MSD
Xe (54)
. Vi
125 | na2s 128 | n2e |30 1 137 | 1138 | 113 | (140 1141 % 1143 1144 J 1145 | 1148 | 1147 ﬁ nag
1(53) A
Tel 29 Tel31] Te132] Te133) Te124 | Te135] Te136] Te137| Te138 | Te138 ) Tof40 | Teldi | Te 142 § Te143 | Te144 | Te 14 4145 Tel47 | Teld8
Te (52)
Sb127]|Sb128 | Sb129) Sb130] Sb131) Sb132) Sb133] Sb134] Sb135) Sbi b137Q Sbi! b1, Sbi. Sb14 1) Sb142M5# 430 Sb144 | Sb145] Sb146 | Sb147
Sb (51)
—
Sn123 Sn126]Sn127 | Sn122 | Sn120)] Sn130Q Sn131] Sn132 Sn‘:ﬂ” Snt n1368 Sni137E>" SN0 Sn141@Sn1428 50143 Sn1441Sn145] Sn148
Sn (50
(50) //
In121 [In122 1In123 §in124 | In125 JIn126 |In127 |In128 §In129 Rind In131 §In132 Win133 § In134 Win135 B In136 Win137 Win138 130 Qin140 §in141 fin142 |in143 |in144 [in145
In (49) A
Cd120) Cd121) Cd122) Cd123] Cd124] Cd125) Cd128 yﬁmza Cd1208Cd1308Cd131@Cd138Cd13: d1 [Cd135Cd139 3637 Cd132] Cd130) Cd140) Cd141]| Cd142] Cd143]| Cd 144
Cd (48) P
agi18] ag120] ag121] ag122] Ag123] agi24 JeGizs | ag126] agi27] A1 2l ag 120 Ac 12300 Ag 131 Ag 13 Ag 13 Ag 3 Agi35 ) Ag138 | agi1a7 [ aa12e | ag1ae g 140 Ag 141 | Ag1a2] Agraa
Ag (4T) /|
Pd118] Pd118)| Pd120) Pd121| Pd1 'Fd123 Pd124 | Pd125) Pd126] Pd127 Pd1268 Pd 1208 Pd 1308 Pd1 'd1324 Pd133]Pd134 ) Pd135Pd138] Pd137 | Pd128] Pd138] Pd140] Pd141 ] Pd142
Pd (46)
Rh117] Rh118] Rhi18] Rh120QR1121) Rh12Z} Rh123] Rh124] Rh125) Rh1ZG@Rh127} R Rh124 Rh130@Rh13 1 Rh13 S tt g 1 (8 d y ) Oj Rhi41
20 ) ettin ays
Ru118| Rul17] Rul 18] Ru118 20 Ru121 | Ru122| Ru12: Ru1268Ru1288 Ru127] Ru128] Ru128] Ru130] Ru131JRu132JRu133| Ru134 | Ru135] Ru136)] Rui137 | Ru138]| Ru130] Ru 14D
Ru (44)
72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 8 88 89 90 91 92 93 94 95 96

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

Neutron number
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RIBF128: New [Bn-emission properties around ¢

Spokespersons: K.Ryckazewscki (ORNL), J.L.Tain (IFIC), R. Grywacz(Tennessee) &

|.Dillmann (TRIUMF)
«Competition between GT- and FF-transitions reflects the underlying nuclear structure beyond
Z=28, N=50.
» Decay properties of these nuclei are a direct imput for r-process abundance calculations.
» Several P2n and P3n candidates. 20 new Py, and 14 new Pg,, values

2d5/2 100 D-Dob-Bb BBy Oy 100+ (b) _0-0-0-0-0-0-0-0-0 —
J / 1 ““D—-E‘
80 { 80 /j
= | 4 .
1 = po- \O_C\/O 60 Zn isotopes /:/]
Jopp 5. | g ]
2 0 404 , o’ 40
P12 | Cu-isotopes o GTHFF _
f5/2 20 —A—GT 204 —O— GT+FF
2 ] —/—exp i —0—GT
p3/2 04 OO0~ H 04 D—D—{]"E:E - —A— Exp.data
T T T T T T T T T T 1 I B S S NN T m m e e e e s e S S Y
70 72 74 76 78 B0 B2 84 B6 88 90 74 76 78 80 82 B84 86 88 90 92 94
A A
“Measurements of new beta-delayed neutron emission properties 50
around doubly-magic i
presented by 45 :— e ]

K.P. Rykaczewski [ORNL Oak Ridge), J. I. Ta FIC Valencia)

R. Grzywacz (UT Knaxville), 1. Dill Vancouver) E o ]

beh g ]

on be u[f W a0k peaee -

: — ]

Abstract: i pl | ]

L v swres o 4
It is proposed to measure new be l emission properties for nuclei ~N 35 - - [ T —

near doubly-magic "~ Ni using.th, y of *He counters BRIKEN and highly [ 22 :_ ]
segmented array of Silicon AlLA, The RIKEN's Big RIPS fragment separator will be P [ mem ® J
used to select Bn-emitting rhmm all products of the U 345 (MeV/u) + *Be reaction. - ammEs 1
The experiment will result in the first measurement of twenty one Py, values for nuclei 30 L . = [.—r our e;(perimem ]
between "°Co and "’Se including that one of the doubly-magic "Ni as well as the discovery of - I N 1

thirteen f2n emitters’"Ni and *'As and determination of their P,, values. The investigated

nuclei are located on the r-process path and new data can be used directly in nucleosynthesis 25+ -
netwark calculations. The cbservables will also reveal nuclear structure of studied nuclei by i P‘" maximized ]
yielding data on the all d and first-forbidden beta ition strength as well as on the L

competition of B1n and B2n decay modes. 0 PE R T |
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RIBF139: Decay
reg

Spokespersons: S. Nishimura (RIKEN) and A. Algora(IFIC)

Primary Motivation: P and T,,, measurements of nuclei relevant for the r-
process in the A~100 region
Measurement of the decay properties (T1/2
and Pn values) of very neutron rich isotopes
from Se to Tc that are progenitors of the Rb
to Cd elements

This data is an important input for modeling .
the weak r-process, in particular to interpret [T
the recent observation of Mo, Ag, Pd, and Cd
in metal poor stars

These elements are key indicators of the

weak r-process and very sensitive to the r-
process conditions
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RIBF139: Decay prope

region a

Additional Motivations: nuclear structure aspects, shape
determination, test of nucl. models

<p> g Private com: P. Sarriguren
65 lmm .40 )
030 artree-Fock Bogoliubov-Resdk a8 and P. Sarriguen et al.
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Evolution of the BRIKEN p

1st BRIKEN 2nd BRIKEN 3rd BRIKEN S Autum
Workshop, Valencia Workshop, Tokyo Workshop, Valencia ummer 2016
2012 2013 2015 2016
® »
Construction RIBF127, RIB128 and Commission 1st BRIKEN
Proposal RIBF139 Full system Experiments
Approved Proposals Approved @ RIKEN
JINR Mississippi State University
University of Guelph 204 Univ. of Warsaw
7 msupms UT;::Z?;L&/ IMPCAS 2% _Peking Universt 5%
University of Notre 5% 2% /'2cl upc
Dame GS|

2%_ 29 University of
University Edinburgh
of
Tennesse
7% IFIC

Daresbury
Laboratory
3%
The University of
Tokyo
7%

University of
Liverpool

3% Open project, to join:
briken.project@gmail.com
http://indico.ific.uv.es/indico/event/briken 1st BRIKEN Workshop, Valencia 17-18 Dec. 2012
http://indico.ific.uv.es/indico/event/briken2 2 BRIKEN Workshop, Tokyo, 30-31 July 2013
http://indico.ific.uv.es/indico/event/briken3 3 BRIKEN Workshop, Valencia, 22-24 July 2015
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