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* Extremely neutron-rich, short-lived isotopes

=50% of heavy elements

B-delayed n-emitters: t;,, and P,

"rapid neutron capture process":
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—
AZ _ n * Discovered in 1939
4 N * “Delayed”: emission with -
decay half-life of the
e A-1Z+ 1 precursor AZ
* ty,~fewms—55.65s (4Br)
Qﬂ * 8He- 1°0La: =200 datasets
available, = 75 in non-
TS _— fission region (A<70)

Only 1 measurement

° Important nuclear structure information: for A>150:
Time-dependence of n-emission = t,,,(*Z
; P  bove S 1/2(°2) P,= 0.007 (+0.007 -0.004) %
o - B-strength above S| Validation missing
G. Stetter, Nucl. Sci. Abstr. 16, 1409, Abstr. 10963 (1962)
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Why?

Nuclear physics input for network calculations:
Theory + few experimental information

* t,,,(B) (s- ms): Shape

* Masses (S,2-3 MeV): Path

* PB-delayed neutron emission (P_): Extra-neutrons, detour of path
* (n,y)/ (y,n) cross sections

» Z>80: fission barriers, 3-delayed fission, (n,f)-cross sections

* t,,(a) for A>210

e s
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Astrophy

nTw . g- o

During , Freeze-out”:
detour of 3-decay chains
5> r-abundance changes

P. Moller et al., Phys. Rev. C 67,
055802 (2003)
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* Production of additional neutrons, influence on n/seed ratio at later times
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time (s) time (s)
A. Arcones and G. Martinez-Pinedo, PRC83, 045809 (2011)
g G
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* Existing data contrains models S
(strong even-odd staggering?) -

* Next N=82 isotope in reach: *?3pd
* P, value of 19Ag? ok

42 44 46

Q. Zhietal, arXiv:1301.5225  Charge Number Z
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[] Identified
B Known half-life
[J r—-process waiting point
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Q. Zhi et al., arXiv:1301.52:
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J g,
Recent progress on the n-r
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e Recent measurements @ GSI-FRS:
~130 new isotopes identified Z=59-87 (Pr-Fr)

T. Kurtukian-Nieto, PhD thesis (2007)

H. Alvarez-Pol et al., Phys. Rev. C 82 (2010) 041602 (R)
L. Chen et al., Phys. Lett. B 691 (2010) 234

J. Kurcewicz et al., Phys. Lett. B717 (2012) 371
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Experimental campaign @ GSI Darmstadt 2011
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hGSI Helmholtzzentrum fiir Schwerione
Darmstadt/GermafW

Schwerlonen
Synchrotron
(up to 0.9¢)

FRagment
Separator

Experimental
Area

Linear Accelerator
up to 0.2c
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Implantation detector
SIMBA

. =)
Neutron-rich
238|) fragments
o | Neutron detector

‘ / - v | f BELEN-30
-~ [\ -

Shielding (PE + borated rubber)' |

D s
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- BEta deLayEd Neutron detec
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Universidad Politecnica de Cataluna,
Barcelona

&,
l F l C IFIC Valencia
remalt

CIEMAT Madrid

MC Simulation
(M.B. Gomez, UPC)

0.24 ]

DETECTION EFFICIENCY

30 high pressure 3He long counters 02 ] -
€7 | —— 20 counters ]
. . 3 “ e
PE matrix, size =1m 020 | —— 30 counters ]
0.18 e e e = e T e
0.001 0.01 0.1 1 55
M.B. Gémez Hornillos et al., Proc. Int. Conf. on Nucl. Data for Science and Techn. (2010) ENERGY (MeV) ®
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Constructed and

SIMBA developed at
TUm

Technische Universitit Manchen

e 7x segm. B-absorber (front and back) ,?‘;;»_l.
[l

Lehrstuhl E12

e 60x segm. X and Y-detector

e Implantation area: DSSD, 60x40 segm.

Fragment

beam
I I I S .

DSSD:

Tracking: Front (-

Rear -

(X,Y) Implants absorber B-energy  ahsorber
and position

PhD thesis C. Hinke, TUM (2010)
Diploma thesis K. Steiger, TUM (2009)

wesese ES——
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_

t,/, and P -values
"South-west" of 132Sn: n-rich Ag, Pd, Rh
"South-east" of 2°8Pb: n-rich Tl, Hg, Au
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Showing prelim. data from
K. Smith (Notre Dame/ GSl)
R. Caballero-Folch (UPC Barcelona)
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"South-west" of 132Sn
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44

N

4 days beamtime:
* Aim:new t,, 128126pd, 122-12xRh
* New P, values

* Improvedt,,, and P values

Identification of fragments
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Courtesy of K. Smith and F. Montes
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O Last isotope with measured t,,

R. Caballero, NIC-XII proceedings (2012), NIC XIl_109
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ry.

"South-east” of 208pp |l

|
At 0.0 Implanted fragments (?!'Hg setting)

Hg t,,(GT+ff) DDME-1* (T. Marketin et al., TU Darmstadt)
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* Heaviest Bdn-emitters measured so far!

D s
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FRS

TOF

Production
®

We have
detected you!

SIMBA  BELEN
imp B n

ca. 300 ns t1f2 ‘ T ‘

t

B~ half-life moderation
time

Counts

* Analysis in progress:
identification of implants,
B-n correlations

> t1/2' I:)n

TN N SN TS ' L
12 14 18
Time B-neutron (ms)

JUSTUS-LIEBIG-
UNIVERSITAT -
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What else and when? (Outlocklg)”-f‘*;h
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[] Identified

B Known half-life

[ r—-process waiting point

L L1134
H130

120 N=126

N=126
193, ‘Q‘Er ‘gsTm
Ho %
— |9:Dy Yb
-D_ 191 ¥
noo, - = - & L] Lu
3 z 19054 a
g 3 10" 4 o e ]
ay. | . )
A Maximum g
@ 1 ® 200,
- Ll at N=126: -
194, 195 ;
Er, °°>Tm

Gap to N=126 progenitors:
194Er (-16n: 178Er)
195Tm (-14n: 181Tm)

Need: better detection setup and
higher beam intensities

MASS NUMBER
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BELEN is growing up !

BELEN versions designed

Name °He counters Pressure (atm) Experiment Eﬁzir;?:y ?:3:;:' (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% 6
BELEN-48 4048 8 &10 RIKEN 34%-50% 8 (AIDA) 2013
BELEN 48 40+8 8 &10 RIKEN 7? Local imp. 2014/15
detector

BELEN-96 96 3,8&10 FAIR/ DESPEC ~65% 8 (AIDA) 52018

See differences: AIDA -

- Central hole

- Number of counters

- Distance of rings

R. Caballero, BRIKEN Workshop (17.12.2012)
JUE:EIS\EEE%ITM I. Dillmann Hirschegg 2013: Astrophysics and Nuclear Structure 30. Januar 20.1:-3= =N —25



Facility for Antiproton
and lon Research
(>2018)

Super-FRS facility

Similar RIB projects:
* RIBF (Japan, since 2007)
* Spiral 2 (France)

* FRIB (USA) i + 105

: B 10°/s

* RAON (Korea) F i e - 105/s

5 - 10%/s

= More Bxn-emitters in reach, e ' ]g[_]{j

. g ® . - - o v : S

priorities shifted T 106/s

T , , SN
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AZ+1

1/2— -, )

* 18 2nand 4 33n emitter (*!Li, 1*Be, 1B, 3INa) known

 AME2011: 247 32n cases energetically possible

@
s =
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JUSTUS-LIEBIG-

The big improvement: Digital elect

Electronic chain for data acquisition and signal processing

HV supply
NHQ203M
FASTComTec : ADC
shappg. V785
] out Caen
He3 counter . . '
LND 252248 | : Preamplifier Shaping Amplifier (32 channel)
| MPR16-HV ST 6+
M M
—: AENaL Multihit TDC
(16 channel) (16 channel) ik ——
o
tomning Caen
(64 channel)

The electronic chain of

Analog system: Trigger

ngtal system: Triggerless

Digital Data Acquisition System (DDAS)

the acquisition system
operates independently of
the other systems of the
experiment and detectors
along the beamline. It
only needs to sinchronize

R. Caballero, BRIKEN Workshop (17.12.2012)
the timestamp.

9
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Upgrade for DESPEC@FAIR,

¢ Inclusion of additional counters from JINR Dubna =
upgrade to 96 counters

e New implantation detector AIDA

e Efficiency: BELEN-30: =40% = BELEN-96: =65%

__ 70
= -
> 60| —— Total
o 1st crown
& ~e- 2nd crown
‘© 50— - 3rd crown
& ¢ -+ 4th crown
Advanced Implantation Detector Array B g 5th crown
(AIDA) S T F —<- 6th crown
Neutron Detector Array ‘g 30i
-
S [
c 20—
S
-
3 10
=
DSSD Array THE UNIVERSITY

(=)

of LIVERPOOL

1
Neutron energy (MeV)

Planar G

1/

= CCLRC . . .
JUSTUS.LIEBIG Pictures: M.B. Gomez Hornillos and T. Davinson
UNIVERSITAT IS
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FRS: fragment production, in-flight separ
and |dent|f|cat|on

W

<
) position
Be 1-3 g/cm time-of-flight measurement
production measurement variable
/ target / degrader
[ \ N wedge-shaped ﬂ - decay
SIS-beam posifion degrader ]
|_| measurement ? U DL‘ ‘ pecroscopy
238| 73+ ~_
~10° ions / spill at H [ energy lss
E=1GeVA measurement
fragment beam U /
e Separation Bp - AE - Bp Bp="cp_ 1
. . . . - . 2
e In-flight particle identification: q 1-p
ToF — B - m/q

— 2X Plastic Scintillators

— 4x Time Projection Chambers

X,y position — p

2X MUSIC (Multiple Sampling Ionisation Chamber)
m/q and Z identify the fragment (validation with Isomer TAGging)

;

Eloss —» Z

H. Geissel et al., NIM B 70, 286 (1992)

30. Januar 2013
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What else: Measure P, V |

1 Ngn 1 Ngnn Highly efficient

P Np T g2 Np setup needed:
upgrade to BELEN-48

P, =

g(Bn) ~=11% Pan 1.4-6.2 %

.. - ) 136
Proposal for IGISOL@Jyvaskyla/ Finland: £(Bnn) = 5 % Sb 90-390 events/ 5d
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S 47 Tl T
He-3 counter (inner ring g 46 ____l | 1 o _l_l_l 2L __I_ L ! ]
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2 C AR AR Lo

Si detector I e e e e e e e e e Al
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| + P (exp) Sb (2=51)
50+ calc. P (GT+ff) Sb 5
» - = = calc. P, (GT+ff) Sb
40 - <
= 30 + ) ~
— /
n” i '
/
20 + ’ -
!
| /
’
’
10 4 / -
’
- ~ !
=iy 2 /
0+ T g
1 1 1 1 |
82 83 84 85 86 87
NEUTRON NUMBER
JUSTUS-LIEBIG- -
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BELEN@RIKEN

* First next-generation RIB facility online (since 2007)
* Same production mechanism as GSI/ FAIR (fragmentation and in-flight

separation), with lower primary beam energy (345 MeV/u instead of 1
GeV/u) and higher intensity (=10 pnA for 238U)

* Advantage: Possibility to test FAIR-like setup (BELEN+AIDA) under
realistic conditions

- e
N . .77:"'—..- 1
P [ ﬁ o e S e
RARF C XA T
gl T o T
h

¢ e > |
B 7
U G __:,2.-
0 o= N
| RIBF
RIBF RI beam generator RIBF Rl beam experiments

AR ; 4 featuring superconducting ring cyclo -
! £ ™. conductir g cyclotron (SRC) will be started in 2007,
-’; NISHINA RIKEN Nishina Cenfer. and projectile fragment separator (BigRIPS) with: color srantal installatian e
4¥ CENTE R for AcceleratorBased Science $ with colored experimental installations
will be commissioned late in 2008
JUSTUS-LIEBIG- -
nE S
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