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LOGARITHM OF RELATIVE ABUNDANCE (Si=I0®)

en of the relative solar abundances

He - SURNING

\IRON GROUP
]

ATOMIC WEIGHT

Urey und Suess, Revs. Mod. Phys. 28 (1956) 53
Burbidge et al., Revs. Mod. Phys. 29 (1957) 547

» near stability (long T,,,)

« low neutron flux (~108 cm-3)
» elements up to 299Bj

* time scale: ~1000y’s

« far off stability (short T,,,)
« high neutron flux (>102° cm-3)

» elements up to %48Cm (Z=96),
following , fission recycling®

e time scale: <1s
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e r-process , boulevard”

time dtime rho T epsin
1.00E-12 1.00E-12 1.71E4+06 B.98E+09 1.26E+286

anu dedt e Y dB
7.0BE+17 —5.53E-02 4.00E-01 1.00E+00 O.00E+00

Xn ¥a ¥h <A> n/s
6.00E-01 1.35E-08 O.00E+00 O.00E+00 O.00E+00

: 5 _ g v i . b

-spectrosco & 3,455_:}1 1_QDETEL|‘I 1.U-::-EE;I I.ZOEL:—EIJ1 Z.QOUETU'
dn- spectroscopy

Status Ag and Cd da

126,128,130Ag: E(2+)/B(E2)

129Cd: Overview/ Decay
Scheme

130Cd: Overview/ Deca!
Scheme/ 1+ systematics
Q -value/ Input parameter

131Cd: Overview
Mass deviation

 at the neutron magic shells the r-process has to

2 :
il ,wait* for the b-decay

Conclusions

e not all nuclei can be studied, only a few key nuclides

Movie: S. Wan_ajo, Sophia_ University, Japan @ institut fur Kernchemie GUTENRERG.
www.ph.sophia.ac.jp/~shinya/research/research.html < Bl
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T,,,= (195 +/- 35) ms by bdn

Be-value ~2.5%
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R.L. Gill et al., Phys. Rev. Lett. 56 (1986) 1874
E. Lund et al., Phys. Scr. 34 (1986) 614 - _
K.-L. Kratz et al., Z. Phys. A 325 (1986) 489 @ Institut fiir Kernchemie GUTENRERG
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o AT INEUen-rich hbeams at CERN/ ISOLDE

r-proce ard”

. N=82
First r-process nuclides i Technical improvements

Neutron-rich 7 :
beams at ISOLD I:I jx % 1: Neutron converter
: # 2. Laser lon Source

Improvements Mass separator: P . _

Target and converter GPS/ HRS _ o 3: ngh Resolution Separator

Laser lon S %é?ﬁi% . }ﬁ@"’g—?‘

Mass separato R

I - ISOLDE Laser System: E

Results Distance to Target: 20m : —T e 3 copper vapor lasers

Experimental setups S » 2 dye lasers (cw, frequency

-spectroscopy t——<===" | {1ipling by two BBO cristals  UV)

dn- spectroscopy
Status Ag and Cd data
126,128,130 g: E(2+)/B(E2)

129Cd: Overview/ Decay
Scheme

130Cd: Overview/ Deca!

Primary beam: Laser System

1-1.4 GeV protons,
/ Intensity: ca. 1013 p/pulse Transfer line (Nb)

~2200 K

B ey

Scheme/ 1+ systematics Target Extraction
Q -value/ Input parameter Electrode UCZ-C-
131Cd: Overview \
Target

Mass deviation i

Lager
Summary —j

Conclusions |50l DE
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Ziilget and neutron converter

Proton beam hits

Improve S e 3
Target and converte o, near the target

Laser lon S

L
Experimental setups
-spectroscopy

dn- spectroscopy _ : A‘ | B, ._ - are em|tted

Status Ag and Cd data
126,128,1307g: E(2+)/B(E2)

129Cd: Overview/ Decay
Scheme

130Cd: Overview/ Deca « ‘ ﬁ i i ";;_ z In the targ et

Scheme/ 1+ systematics
Q -value/ Input parameter

131Cd: Overview

Mass deviation

Summary of isobaric chain is suppressed.
Conclusions At A=130: surface-ionized
yields
J.A. Nolen et al., AIP Conf. Proc. 473 (1998) 477
Picture: R. Catherall (CERN) @ Institut fur Kernchemie GUTENRERG




Chemical selectivity

CHOR
P ization of Silver and Cadmium
“Neutron-rich
ﬁq@s i -C-5 lonization energy: lonization energy:

Improvements 7.60 eV 8.99 eV

EEAEEEEEEEEEEEERER EEEEEEEEEEEEEHmE ENEZEEER
Laser lon

Mass separato 510,6 nrn 578,2 nm
Results 510,86 nrm

Experimental setups

-spectroscopy

dn- spectroscopy eS O n an C e
Status Ag and Cd data ! AR Onlzatlon

126,128,130 g: E(2+)/B(E2)

129Cd: Overview/ Decay > aS er 555p 1PO

Scheme

130Cd: Overview/ Decal
Scheme/ 1+ systematics
Q -value/ Input parameter

181Cd: Overvi 323,11 nn
Mass de\\//iea::/iloe:/ 51 228,8 nm
5s 2S,), 957 "5y

Silver Cadmium

LIS efficiency » 14% LIS efficiency » 10%

Summary

Conclusions

N. Erdmann et al., Appl. Phys. B66 (1998) 431
Y. Jading et al., Nucl. Instr. And Meth. B126 (1997) 76 @ Institut fiir Kernchemie GUTENRERG




=

L S

Solar ab_;undncesard“ ,J-. I g h eS O I u t I O n ep ar at O r
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First r-process nuclides
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Neutron-rich HRS 3.5x10%
beams at ISOLD A (\
Improvements 3.0x10% |
Target and converter 89 10 1ot 1
Laser lon Source @@@J > 4
Mass separato | ] 2.5x10™ -
Results
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-spectroscopy HHH H HH s
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Status Ag and Cd data
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129Cd: Overview/ Decay DM/M(HRS) u p tO 1 10 1.0x10% F
Scheme
130 (- ' — Je 4
scheae Ty yaamaeesy DM/M(exp): ~2.5*10 )
Q -value/ Input parameter 5.0x10™
131Cd: Overview
Mass deviation
0.0
Summary | \ ! !

Conclusions
neutron number N
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(rsingles specirurn  pcci-colncidences

/ Counts

lBOCd
1669 keV
130G
130Cd 1749 keV
1732 keV
Laser ON \
Laser OFF
Energy [keV]
Laser OFF: surface-ionized
Cs, In

surface-ionized

130Cd
451 keV

130g, 130m2p
774 keV

J

130g, 130m2|n

/ 1221 keV

Energy [keV]






Half-life Coincidences
Nuclide [ms] g-data ggdata bg-data Status
Ag-126 | 107 (12) yes ? ? in progress
m 79 (3) yes ? ? in progress
AQg-128 58 (5) yes ? ? in progress
Ag-129 46 (9) yes ? ? in progress
~Ag-130 | 35 (10)* (yes)* no no in progress
Cd-129 | 242 (8) yes yes yes in progress
Cd-129m |} 104 (6) yes yes yes in progress
Cd-130 | 162 (7) yes yes yes finished**
Cd-131 68 (3) (yes)* no no in progress
—Ca-132 | 97 (10) no no no finished**
Cd-133 | 57 (10) no no no finished**
* low statistics **Cadmium: addendum submitted

126,128,130Ag: Systematics of the 2* states



1260g b-decay 128Ag b-decay 12°Ag b-decay

2+ level systematics of even-even
46Pd, 45Cd, ;,Sn and ., Te isotopes



Whnat can pe deduced from tne E(2+)7
Reduced transition probability
B(E2) ~ 1/ E(2+)

higher B(E2)-values
maximum
different

Quadrupole deformation b, ~ sqrt[B(E2)]
larger quadrupole
polarizability for 128 130Cd



Last unknown proton-SPE:
needed for microscopic
shell models

f5/2

P3

P/



129Cd -decay






130Cd -decay



Experimental

947 keV

4%if39//'

445 keV 3+ 473
3* 389 ————
2{35§¢//'

3* 0 3 0 3¢ 0
EEEEES S EE—

1+ 1382
(old)



BUCd: Determination of the O -value

summation of 5 transitions



Dobaczewski et al. (HFB-SkP, 1996):

Pearson et al. (ETFSI-Q, 1996):

Aboussier et al. (ETFSI-1, 1995):
Samyn et al. (HFB-2, 2002)
Moller et al. (FRDM, 1995):
Goriely et al. (HFBCS, 2001)

Le B0Cd and Way-Wood diagrarm

Q,= 8344 keV

8930 keV

8300 keV

7860 keV
7640 keV
7430 keV
7000 keV

guenching
of the N=82 shell!



Input pararmeters for tneoretical models
C

to understarnd i

of the 1* state by 800 keV

Experimental
162 ms
8344 keV

1*-level

70%
4.1
2120 keV

reduction of the TBME



131Cd b-decay

Prediction QRPA

Experiment

* modified QRPA

« 2-3 possible glines

no coincidence data



Cd 1sc

w2
L
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©
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Mass deviation of .,Sn and ,

OO

Cd: better agreement with
,gquenched” mass models!

Different behavior of HFB-
models and ETFSI-Q/ SRE

lSOCd
beyond N=82 ’5%%5/ 4
%
%
Need for %, %
%

MasSes



surnmery
high B(E2)

T,,, of isomeric 3/2+ state in 12°Cd

tentative decay scheme of 1%°Cd

decay scheme of 30Cd high
energy position of the 1* state

high Q -values

low T,, and P -value for 3!Cd

best agreement
guenched models

First experimental evidences for a
guenching of the N=82 shell !



Conclusions

not yet fully
understood !
weakening of the TBME

longer

better under-
standing of r-
process formation
and matter flow
through the A»130
N, -peak

more experimental Pd-Tc not
possible with ISOL
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