
RISING: past results and future priorities

Active Si stopper



The RISING γγγγ-ray spectrometer

15 EUROBALL Cluster (105 Ge crystals)

digital signal processing via 30 XIA DGF modules

A
b

so
lu

te
 e

ff
ic

ie
n

cy
 [

%
]

γγγγ-energy [keV]

200 600 1000 14000

10

0

20

30

40

DGF

TDC

MSU GSI

γγγγ detection efficiency

very high γγγγ-ray efficiency

high granularity (prompt flash problem)

S. Pietri et al., NIM B261 (2007) 1079

FRS + RISING     =>   high sensitivity experiments



S337S337 Andres Gadea (Legnaro)   15(+0)

Structure of 132In populated in the beta-decay of 132Cd: 

the nf7/2 pg9/2-1 multiplet on the doubly magic 132Sn core

S344S344 Gary Simpson (Grenoble), R. Lozeva (Leuven)   6+0

Measurements of high-spin microsecond isomers near 132Sn

S347S347 Zs. Podolyák (Surrey) 18+6(+6)

Along the N=126 closed shell 

S350S350 G. Benzoni, J-J. Valiente-Dobon 18(+6)

Beyond the doubly-magic 208Pb

S352S352 A. Blazhev (Köln), B.Wadsworth (York) 30(+9)

Study of N>>=Z proton dripline nuclei 96, 97, 98Cd

S353S353 L.Caceres (Madrid/GSI), P.Regan (Surrey)   21(+6)

Structure of the odd-odd N=Z nuclei in the vicinity of 100Sn: 

high spin isomers in 90Rh studied through GT beta-decay
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212-220Pb

along Z=82

203Ir, 202Os

along N=126

132In

Z=49, N=83

96,97,98Cd

N~Z

Fundamental questions in nuclear physics:

Neutron-proton pairing
Isospin symmetry
Shell evolution
Nucleosynthesis (rp- and r-processes)
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N=Z line

March 2006; Regan et al.

Fragmentation of 107Ag



T=1 (T=0)
T=1 (T=0)

T=1
T=1

82Nb 86Tc82Zr
86Mo

82Nb and 86Tc compared
to their TZ=+1 isobars

A. Garnsworthy et al., submitted to Physics Letters B

T=1: Iπ=0+

T=0 :  Iπ=1+or (2j)+



Projected Shell Model

Calculations by Yang Sun

(University of Notre Dame)



Study of N ≥ Z proton drip-line nuclei 96,97,98Cd 

with astrophysical consequences

A. Blazhev1, R. Wadsworth2, P. Boutachkov3, Z. Liu4 et al.

S352    30 (+ 9 parasitic) shiftsS352    30 (+ 9 parasitic) shifts



The region around 100Sn
� Fusion-evaporation 

reaction
EUROBALL, GASP, 
GAMMASPHERE
+ Ancillaries 
-in-beam 

γ−γ−γ−γ−spectroscopy
GSI-ISOL 
- particle-decay
- Isomers

� Spallation
ISOLDE
- particle-decay
- Low-spin isomers

� Fragmentation
GSI, GANIL
- Coulex
- Isomers
- particle-decay



Spin-gap isomers 

below N=Z=50

Predicted spin-gap isomers

Known spin-gap isomers

Seniority isomers

Importance of isomers:

• Test of the Shell-model

• Single-particle structure 

• πν  πν  πν  πν  residual interaction

• astrophysics

Properties of isomers:

• Existence

• Excitation energy

• Halflife (transition strength) �

• Spin and parity

• γγγγ-decay cascades

• particle decays

H. Grawe et al., Eur. Phys. J A 27, S01, 257 (2006).

We propose to measure



g9/2

8+ (g9/2)-2 seniority isomer in 130Cd

two proton holes in the g9/2 orbit

6-proton-knockout from 136Xe:  A. Jungclaus

fission of 238U: M. Górska, M. Pfützner June/July 2006

M. Górska et al., Phys. Rev. Lett. 79 (1997)



Is there evidence for a N=82 shell quenching ?

Assumption of a N=82 shell quenching leads to a considerable
improvement in the global abundance fit in r-process calculations !
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pronounced shell gap
shell structure quenched

B. Chen et al., Phys. Lett. B355 (1995) 37.



130Cd82 r-process waiting point nucleus
(from fission and fragmentation)

Lucia Caceres PhD theses Lucia Caceres PhD theses 
A. A. JungclausJungclaus et al., PRL 99, 132501 (2007)et al., PRL 99, 132501 (2007)

No evidence for shell quenching

β:Dillman et al., 

PRL, 91, 162503 (2003)



2.59       2.61     2.63      2.65     2.67    2.69     2.71

131In82  (one proton hole nucleus)

T1/2 ~ 700 ns

M. Górska et al., to be submitted

132Cd

131In

Z=50



SM calculations - shell gap in 131In

excitation through the N=82 gap

H. Grawe et al.

πg9/2 νh11/2f7/2h9/2d3/2

B. A. Brown et al.

πp3/2p1/2g9/2g7/2d5/2d3/2s1/2h11/2

νg7/2d5/2d3/2s1/2h11/2f7/2h9/2d3/2≈



Structure of 132In through the ββββ-decay of 132Cd: 

the ννννf7/2 ππππg9/2
-1 multiplet on the 132Sn core.

A.Gadea (INFN-LNL) et al.

S337    15(+0) shiftsS337    15(+0) shifts



Structure in the 132Sn region

D.C.Radford et al,   
PRL 88 (2002)

J.Terasaki et al, PRC66 (02)
G.Colo et al., NPA722 (03) 

A.Ansari, PLB623 (05) 

134Ba

Shell Model nuclei 

realistic CD-BONN 

interaction

A.Sherillo et al, PRC70 (04)

Seniority Isomers
A.Jungclaus / M.Gorska

Rising: PRL

R.F.Casten et al, 
PRL 85 (00)

Onset of 

deformation

Shell structure 

evolution

HRIBF



The Shell Structure in 132Cd and 132In

J.Terasaki et al, PRC66 (02), V.I.Isakov at al, nucl-th/0202044

133Sn

M
eV

~0.85 MeV

Low excitation energy ννννp3/2
P.Hoff et al, PRL77 (96)

S.M. estimates of the 
132In f7/2 g9/2

-1 multiplet





Along the N=126 closed shell

Zs.Podolyák et al.

S347  18(+6) shiftsS347  18(+6) shifts



N=82

N=126

H. Grawe, K. Langanke, G. Martinez-Pinedo, to be published.

Larger differences

(lack of experimental data)



N=126 nuclei below 208Pb (what is known)

Z=81                 Z=80                       Z=79           Z=78

~915

RISING exps.

S.Steer et al., PRL in prep.



March 2006

March 2007

Conversion electron spectrum

(active Si stopper)

~13  µb

~0.3  µb

205Au 204Pt

208Pb beam was used



Further ‘down’ along the N=126 line: 238U beam

205Au:  beta decay from 205Pt    

=> will fix the πs1/2 orbital
203Ir: beta decay from 203Os (νg9/2) 

=> will fix the πd3/2,πs1/2,πh11/2
202Os: isomeric decay I=(5),(7),(10)
202Os: beta decay of 203Ir (νg9/2) 

3/2+    0

1/2+  240

11/2- 921

0+  0

2+  1181

4+  1555

7- 1893

5- 1932

10+  2673

8- 2558

8+ 2685

205Au

202Os

sh
el

l 
m

o
d

el

T1/2



G. Benzoni (Milano), J-J. Valiente Dobón (Legnaro) et al.

Moving along Z=82, beyond the 

doubly-magic 208Pb nucleus

S350   18(+6) shiftsS350   18(+6) shifts



N/Z~1.0– 1.6 N/Z~3.0

What is the shell structure of neutron-rich Pb nuclei?

Evolution of shell structure: Measurement of the E(2+), E(4+) and B(E2)

208Pb

Study shell structure along Z=82

Physics Motivation
Shell Evolution



Neutron-rich lead isotopes known up to 212Pb
M. Pfutzner PLB444 (1998) 32.

Presence of isomers involving high-j orbita:

νg9/2, νi11/2, νj15/2

we want to study the developmet of 

nuclear structure from 212Pb up to 220Pb

Configuration (νg9/2)
4

• 5x106  pps

• 2 HPGe detectors (Effγ=1%)

• 350 ions implanted

GSI

Physics Motivation

N=126



•Experimental β-decay data 
needed around 208Pb to 
validate theoretical models. 

•Models might differ by 
orders of magnitude to 
reproduce the lifetimes.

•β-lifetimes needed for r-
process calculations.

•Last lifetime measured for 
215Pb

Physics Motivation

Beta-decay lifetimes

I.N. Borzov PRC67, 025802 (2003)



238U fragmentation

208Pb 209Pb 210Pb 211Pb 212Pb 213Pb 214Pb
210ns 5µs

…

238U fragmentation at 1 GeV/u allows to 
reach heavy Pb isotopes with a reasonable 

cross section (212Pb up to 220Pb).
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M. Pfutzner PLB444 (1998) 32.

Deep inelastic

The GSI UNILAC-SIS accelerator system 
combined with the FRS and RISING setup 

provide a UNIQUE worldwide facility to 
populate and study the neutron-rich lead 

isotopes.

GSI

Experimental approach



212-220Pb

along Z=82

203Ir, 202Os

along N=126

132In

Z=49, N=83

96,97,98Cd

N~Z

Fundamental questions in nuclear physics:

Neutron-proton pairing
Isospin symmetry
Shell evolution
Nucleosynthesis (rp- and r-processes)

FRS+RISING


