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Outline

e I process, beta-delayed neutron emission
e The BEta delLayEd Neutron detector
e Present and future experiments with BELEN

e Summary and outlook
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Nucleosynthesis beyond ironiﬁ?
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Understanding the r processwf? LB,
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Ingredients for a (successful) r-process nucleosynthesis:

e astrophysical site (debated, neutron star mergers / CCSN ? )
— physical conditions (explosive scenario)

- Neutron density (>> 1020 cm3), exposure time 1T, Y,
- Temperature (1-2 GK) / density vs time (trajectory)

e nuclear input (up to now theoretical calculations tuned to few
experimental data available)

- Masses (= Qg, Sy) . ) N _

_ r process “path”, waiting points,
_ — progenitors’ abundances

- (n,y) cross sections

- B-delayed neutron branchingd —— Modified path back to stability and
additional neutron source

— others: fission parameters, t;,, (a)...
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A Detecting n —
Z :
- Obta|n t1/2 (AZ)
- P(n) branching
— study B-strength function above S,
Qg

¢ QB > Sn (or > SZn, 3n ) o o e b

e Discovered in 1939 by Roberts et al. ﬁ:n .
e t,,=few ms- 55.65s (87Br)

o 8He- 150La: = 230 datasets available
e Only one for A>150 (210T])
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BELEN Beta deLayEd Neutron detﬁ?;bm £

e Designed for use in DESPEC @ FAIR

e 3He+n->3H+p+780keV G, =5400 Db
e No info about initial E , , but large efficiency
e Thermalization time 1= 100 ps
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BELEN-30 Beta delLayEd Neutron detect@}i"ﬂ ,-'!n?-'
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e BELEN-30 (90x90x80cm3 PE) e NNERITAT = = ]-[
— 20 3He counters (20 atm) outer ring CIESSEN
~ 10 3He counters (10 atm) inner ring @ Universidad Politecnica de Cataluna,
B I
— Simul. Efficiency (1keV-1MeV) ~40% arceiona
— self-triggered digital data acquisition IFIC Valencia
system, integrated into MBS
S emat CIEMAT Madrid
Monte Carlo simulation code MCNPX, by B.Gomez T Yieerodgom
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BELEN-30 commissioning v ? 2o

o 252Cf source: neutron activity calibrated to 1.6% in PTB (German
Institute of Metrology)
e Source centered in BELEN: exper (35+£1)%, simul (34.5£0.5)%

e Position dependent efficiency (< 2% relative, for +-3cm shift from

center)
Position dependent efficiency
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GSI campaign 2011

100 11111 T
60 new neutron-rich isotopes Pt SRR
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Kurcewicz, Farinon,et al. -
Phys.Lett.B 717, 371-375 -
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N=50 ® S323: “Beta-decay of very neutron-rich Rh, Pd, Ag nuclei
including the r-process waiting point 128Pd”. (F. Montes et al.)
S410: “"Measurement of beta-delayed neutrons around the third r-
process peak”. (C. Domingo et al.)
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U3+ SIMBA silicon IMplantation detector and
position Beta Absorber
measurement — T m—_— = : »
variable | ’ By Constructed and
- ' developed by
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Tochngeme Umversitat bonchen

Lehrstuhl E12

Setup at FRS final focal plan

. time-of-flight
production measurement

wedge-shaped
position degrader
measurement
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measurement

DSSSD: Rear B-

B-energy  apsorber
and position

Tracking: Front B-
(X,Y) Implants absorber

e 60x segm. X and Y-detector
e 7X segm. B-absorber (front and back)

e Implantation area: DSSD, 60x40 segm.
JSTLS =5
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Identified+implanted fragments:

Implanted succesfully in SIMBA

K. Smith, F. Montes, et al.
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Identified+implanted fragments: S410
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Intermezzo \‘ P .

e First successful BELEN experiments at GSI:
— Digital DAQ implemented and working
— data analysis in progress: t;,, and P, values
e TwoO experiments:
1. r process nuclei around N=82
2. South-east of 298Pb: heaviest pdn emitters measured

e BELEN development towards FAIR (>2020)
— Upgraded design (higher efficiency)
— New physics cases: beta-delayed multiple neutron emitters
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BELEN upgrade

BELEN versions designed

Name *He counters Pressure (atm) Experiment Eg:ir:E:y (:::;t;zl {2:::?
BELEN-20 20 20 JYFL-2009 27% 5.5 2009
BELEN-20 20 20 JYFL-2010 35% 5.5 2010
BELEN-30 20+10 20& 10 GSI-2011 35% 11.5 (SIMBA) 2011
BELEN-48 40+8 8&10 JYFL-2013 37%-52% b
BELEN-48 40+8 8 &10 RIKEN 34%-50% 8 (AIDA) 2013
BELEN 48 40+8 8 &10 RIKEN 22 Local imp. 2014/15
detector
BELEN-96 96 3,8&10 FAIR/ DESPEC ~65% 8 (AIDA) >2018
See differences: ALnA -

- Central hole
- Number of counters

- Distance of rings

JUSTUS.-LIEBIG R. Caballero, BRIKEN Workshop (17.12.2012)
UNIVERSITAT , _ I=5= 1L
GIESSEN Michele Marta — NuSTAR meeting, GSI| Darmstadt 28.02.2013 15




o

i,

)
1 b EE
Next experiments: measure 32n ““%
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_________ 1 N

Z+1 Fan zc:a rﬁ;n

e Upgrade to BELEN-48

He-3 counter (inner ring
e PTB: improve energy-dependent L 25

detection efficiency calibration with well
known (angular/yield) (p,n) reactions

B Si detector

e Accepted proposal for
IGISOL@Jyvaskyla/Finland: P, (136Sb)
and P, (Sb,I)
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RIKEN / Japan (under dlscussm& ?

e First of the next generation RIB facility online

e Best opportunity to test BELEN+AIDA under FAIR-like conditions (plus
interesting physics output!!!)

o Workshops: Valencia December 2012, RIKEN summer 2013

|@ }J Ujﬂ ’\ //

Rl;beam dellvery line

| =T 1 =7 [

ZeroDegree Spect rometet *
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Conclusion / Outlook ’i;‘;'{? “’?'*’H

e First experiment at GSI (2011):
- t;,, and P, of very neutron-rich Bn emitters: BELEN-30
— data analysis in progress

e Future of BELEN:
— Jyvaskyla (Finland) 2013: BELEN-48
— RIKEN (Japan) >2014: BELEN-48 + AIDA?

— DESPEC@FAIR: BELEN-96 (including Dubna counters)

e pBnin a storage ring (simulations by A. Evdokimov)
— Complementary method
— Independent of neutron detection
— Possible (now!) in ESR, later in CR (ILIMA collaboration)

A. Evdokimov et al., Proceedings of Science,
PoS (NIC XlI) 115
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Thank you!
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