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Stopped RISING Physics workshop; University of Surrey, Mar. 2004.



Stopped RISING Spokespersons:

Passive Stopper
58Ni, A=54 mirrors: D. Rudolph

107Ag, N=Z: P.H. Regan
208Pb, N=126:  Zs. Podolyak

136Xe, N=82 130Cd: A. Jungclaus
238U, A~110 fission A. Bruce,

 Neutron-rich Pb: Javier Valiente (Legnaro)

Active Stopper
208Pb, ~190W, N=126, : P. Regan, J. Benlliure
54Fe, Tz=-1: B. Rubio, Y. Fujita, W.Gelletly

62Ga: A. Gadea, A.Algora
238U: Z. Podolyak

Set-up:

Stephane Pietri (Surrey/GSI), 

Henning Schaffner (GSI), 

I. Kojouharov (GSI), H.J. Wollersheim (GSI)

Stopped RISING Data  - Analysers: 
107Ag, N=Z: Adam Garnsworthy 

136Xe, N=82 130Cd: Lucia Caceres GSI) ; Farheen Naqvi (GSI/Koln)
208Pb, N=126, 190W:   Steve Steer, Greg Farrelly

N~128 Michael Bowry, N.Al-Dahan
208Pb: Nasser Alkhomashi,  Nawras  Al-Dahan, Greg Farrelly







Passive Stopper measurements: γ-rays from isomer with T1/2 for 10 ns  1 ms.

Active Stopper measurements: β −particles, i.c. electrons,  T1/2 ms →mins 





What do isomeric decays tell you 
about nuclear structure ?



Decay spectroscopy.
How quickly something decays…. 

2011



Decay spectroscopy.
How quickly something decays…. 

2011

1988 1985



How?



How?



How?

Transition probability 
(i.e., 1/mean lifetime as 
measured for state which 
decays by EM radiation)



How?

Transition probability 
(i.e., 1/mean lifetime as 
measured for state which 
decays by EM radiation)

(trivial) gamma-ray
energy dependence of
transition rate, goes as.  
Eγ

2L+1 e.g., Eγ5 for E2s
for example.



How?

Transition probability 
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(trivial) gamma-ray
energy dependence of
transition rate, goes as.  
Eγ

2L+1 e.g., Eγ5 for E2s
for example.

The all important nuclear 
structure Information. 
The ‘reduced matrix element’ 
tells us what the overlap
between the initial and final 
nuclear quantum states is.



(Some) Stopped RISING Physics Highlights

• N~Z (proton-rich) nuclei & mirror symmetry

– Shell Structure and mirror symmetries at N ~ Z ~ 28:
• 54Ni26 core excitation and proton radioactivity

– T=1 and T=0 pn-pairing studies at the proton drip-line:  
• 82Nb & 86Tc isomers feeding T=1 ground state structures.
• GT decay studies between T=1 triplets (Z=N-2 → Z=N)

– 46Cr → 46V; 50Cr → 50Mn; 54Ni → 54Co; 62Ge → 62Ga

– Shell model structure around N=Z=50 100Sn
• Seniority isomers & core excitations: 94Pd48 , 96Ag49  and 98Cd50, 
• Beta-decay of 100Sn
• Seniority isomer decay in 102Sn 



Stopped RISING Physics Highlights

• Heavy, neutron-rich nuclei

–  Z=50, N=82 (132Sn): Shell model studies:
• 130Cd82 seniority isomer structure
• 131In82 core-excitation isomers (to establish the N=82 gap size)
• Isomeric and other shell model structures in 125-128Cd

– Structural evolution and decay half-lives 
• Beta-decay and half-lives of fission fragments around 106Zr
• Beta-decay and half-lives from triaxial 190W up to N~126

– Z=82, N=126 (208Pb): Shell model studies
• N=126, proton-hole isomers 203In, 204Pt, 205Au
• N>128, Z<82 quadrant: first states in 208Hg128, 209Tl128

• 212,214,216Pb seniority isomers



‘BIG PHYSICS’ QUESTIONS ADDRESSED BY 
STOPPED RISING (isomer and beta-decays)
• How robust are the magic numbers?

• What are the limits of nuclear existence?

• Does neutron excess modify structure ?

• How ‘good’ are nuclear physics quantum 
numbers, such  as isospin, K and seniority?

K-electrons

L-electrons

T1/2 = 10.4 s
205Au126

202Pt

T1/2
Weiss(E3(94))   = 7.49 s

T1/2
Weiss(M4(921)) = 10.6 s

K-electrons

L-electrons

T1/2=10.4 s

Eγ(exp)(11/2-3/2+) =  912 keV

204Pt126

205Au126

N=82
N=126

190Ta  
190W+ β−

N=Z



Experiment Spokespersons Dates Publication
1. S244: 107Ag beam; N=Z isomers Regan 25 Feb –1 Mar 06 A.B. Garnsworthy et al.,  PL B660 (2008) 326 

A.B. Garnsworthy et al., PR C80 (2009) 064303

2. S299; 208Pb beam N~126 isomers Podolyak 2 Mar – 8 Mar 06 S.J. Steer et al., PR C78 (2008) 061302(R); 

Zs. Podolyak et al., PR C79 (2009) 031305(R); 

Zs. Podolyak et al., PR C79 (2009) 031305 (R) 

E.C. Simpson PR C80 (2009) 064608

Zs. Podolyak et al., EPJ A42 (2009) 489

S.J.Steer et al., IJMP E18 (2009) 1002

3. S244: 58Ni beam; A=54 mirrors Rudolph 9 Mar –12 Mar 06 D. Rudolph et al., PR C78 (2008) 021301(R) ;. 
Rudolph et al., EPJ A36 (2008) 131.

4. S305: 136Xe beam. N~82 isomers Jungclaus 26 Jun – 9 July 06 A. Jungclaus et al. PRL 99 (2007) 132501

5. S244: 238U beam. Isomers at N~82 Pfutzner / Gorska 10 Jul – 7 Jul 06 L. Caceres et al., PR C79 (2009) 011301 (R); 

M. Gorska et al., PL B672 (2009) 313.

6. S300; 238U beam:  A~110 isomers Bruce 11 Dec – 7 Dec 06

7. S313: 208Pb beam active.; N→126 Regan / Benlliure 8 Mar -18 Mar 07 Zs. Podolyak et al., PL B672  (2009) 116; 

N. Alkhomashi et al.,  PR C80 (2009) 064308

8. S313: 208Pb beam active. N →126 Benlliure / Regan 8 Jul –17 July 07 P.H. Regan et al., IJMP E17 (2008) 8; 

A.I. Morales et al., Acta Phys. B40 (2009) 867

9. S326: 78Kr beam, GT in A=62 Gadea / Algora 18 Jul – 25 Jul 07

10. S316: 58Ni beam; GT A=46:50:54 Fujita / Gelletly / Rubio 27 July –1 Aug 07

11.S330: 124Xe beam: 100Sn + SIMBA Faestermann / Gorska 5 Mar – 26 Mar 08

12. S347: 238U beam; Z<82; N>126 Podolyak 27 Apr – 3 May 08 N.Al-Dahan et al., PR C80 (2009) 061302 (R)

13. S352: 124Xe beam; 96,8Pd Blazhev / Wadsworth / 
Liu / Boutachkov 

5 Jun – 13 Jun 08 R Wadsworth et al., Acta Phys B40 (2009) 611

A. Blazhev et al., J Phy. Conf.. 205 (2010) 
012035

14. S361: 238U beam, 104,6Zr Bruce 17 Sep -20 Sep 09

15. S337: 238U beam, 132Cd decay Gadea 21 Sep –24 Sep 09

16. S350: 238U beam, 212-216Pb isoms. Dobon / Benzoni 25 Sep –29 Sep 09

16 successful experiments)



How it actually turned out….lots of nice (initial) conference 



Some more 
‘high profile’ 

publications….



and some more...



and some 
more… 4 in 
Dec ‘09 PRC
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1i13/2 Basic, independent particle model (with 
very simple residual interactions added,
such as  δ - (contact) interaction) predicts
large host of isomers in the vicinity of 
closed shells / magic numbers.

Two categories

1) Spin-trap isomers  - from particularly 
       favoured coupling of (often high-j intruder)
       particles gives rise to high-spin state at 
       low excitation energy. This state ‘has 
       nowhere to decay to’ unless decays
       by high multipolarity (thus slow) transition.
                |Ji+Jf|  >  ΔJ  >  |Ji-Jf|

2) Seniority isomers – δ-interaction can 
    demonstrate with geometric picture how 
    (single) jn multiplet looks like j2 multiplet.
    Small energy difference between Jmax  
    and (Jmax-2) states cause ‘seniority isomers’.



Physics….is there N=126 shell quenching ?

Assumption of a N=126 shell quenching leads to a considerable
improvement in the global abundance fit in r-process calculations
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Evidence for nuclear shell structure…..

What do we expect ?









large gaps in single-particle structure of nuclei…MAGIC NUMBERS = ENERGY GAPS 
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Study the evolution of shell 
structure as a  function of 
N:Z ratio.
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Study the evolution of shell 
structure as a  function of 
N:Z ratio.

208Pb (Z=82, N=126)

132Sn (Z=50, N=82)

 56Ni (Z=28, N=28)
50

82

126

28 (Proton) holes in high-j 
intruders (f7/2, g9/2 &  h11/2) 

 gives rise to  seniority 

isomers’ at magic shells.



δ−interaction gives nice simple geometric rationale 
for Seniority Isomers from ΔE ~ -VoFr tan (θ/2)  
for T=1, even J
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Z < 50 ; N~82
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131In; Z=49, N=82
A single valence proton
hole in 132Sn.



131In; Z=49, N=82
A single valence proton
hole in 132Sn.



N~126 ; Z ~82



Summary of the Passive Stopper Z< 82, N≤126 Nuclei Experiment

A total of 5.3 days of beam time focusing the FRS on 6 different nuclides.
Gamma-ray spectroscopy on 83 nuclides. 47 isomers (27 of which are 
newly discovered) measured in 37 nuclides,. This has provided the first 
nuclear structure information on 15 nuclides.
34 isomeric ratios measured.



Isomer Gamma-ray Spectroscopy of N = 126, Z<82 Nuclei

Z=80, N=126
206Hg

Z=79, 
N=126,
205Au

Z=78, N=126
204Pt

Z=77, N=126
203Ir









Isomer ratios also used to improve/test knockout reaction theory…
isomeric states tend to be rather ‘pure’ shell model configurations.



Isomer ratios also used to improve/test knockout reaction theory…
isomeric states tend to be rather ‘pure’ shell model configurations.

















A. Gottardo, J.J. Valiente Dobon, 
B. G. Benzoni et al., for RISING



A. Gottardo, J.J. Valiente Dobon, G. Benzoni et al., 





Z ~28 N~28

















N~Z~50  nuclei



Spokespersons: 
 A. Blazhev, P. Boutachkov Z. Liu, R. Wadsworth

S352

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

 Study the isospin symmetry as a function of mass, at N~Z.
 Shell Model residual interaction.
 Study the neutron-proton pairing.
 Study the competition between 

  pairing and deformation for 
  N~Z, A~90-100 
  ( the π and ν occupy the g9/2 shell).
 rp-process.

15 Shifts: 124Xe: 850 MeV/u I0~109 pps 
                 on 9Be target
15 Shifts remaining 

NuSTAR 2010
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Preliminary Results
Isomeric decays of 96Ag fragments.Isomeric decays of 94Pd fragments.

Isomeric decays of 98Cd fragments.  94Pd: new, high-spin isomer.
 96Ag: two new isomers, including 

     core-excited states.
 98Cd: new high-energy, isomeric γ-ray 

    transition from core breaking.

S352

Analyzed to date:

More to come …







• Transition ( * 4157 keV) identified in 98Cd 

•  data suggests (10+ ) state  50 keV below 
the (12+ )

 B(E4; 12+ -> 8+) and B(E2; 12+ -> 10+) 
estimates

 Ordering of the (10+ ) and (12+ ) levels - 
not reproduced by previous shell-model 
calculations. 

Isomer spectroscopy of 98Cd
98Cd

Preliminary:
B(E2; 12+ → 10+) = 2.1(13) W.u.
B(E4; 12+ → 8+) = 3.0(10) W.u.

2 proton holes 
in 100Sn core…



100Sn setting  (15 days 124Xe beam)

A/Q

Z

Te

Ag

Cd

In

Sn

Sb

N=Z+2N=Z+1N=ZN=Z-1

259  100Sn

σ=6pb 103Sb?

99Sn

97In

95Cd

93Ag

Faestermann, Hinke, Eppinger et al., 

 102Sn
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6+ Isomer in 102Sn

B(E2)=3.2(1) W.u.

             6+ Isomer in 102Sn

Lipoglavsek et al., PLB 1998

E(6-4) = 48keV

87keV

(2 neutron particles above 100Sn core)



             6+ Isomer in 102Sn

87keV

Grawe, Gorska et al.
Andreozzi et al.



Gamma Spectrum after Beta Decay of 100Sn
all events  within 4 s after implantation

511



Other N~Z nuclei…











0+

Tz=-1
T=1

0+
Tz=0
T=1

0+

Tz=+1
T=1

β+ (p,n)
(3He,t)

If isospin symmetry works these
two mirror processes should be
identical

This work tests if isospin symmetry is good enough to justify the combined analysis 
of charge exchange reactions and beta-decay In mirror nuclei.

Study of Tz=±1 decays into Tz=0 : 
GT transitions in the f shell

B. Rubio, Y. Fujita & W. Gelletly
Analysis F. Molina (Valencia)



When the BGT values are obtained from Charge Exchange
Reactions, absolute normalisation is needed and can be obtained
using the combined analysis

Y. Fujita et al.
PRL 95 (2005)

From
β-decay B(F)=N-Z From (3He,t)

There were a series of experiments at RISING to test this idea



And a facility at RCNP Osaka where these reactions can be 
studied in high resolution

42Ti

46Ti

50Cr

50Fe

54Ni

46Cr

(3He,t)

N=Z

54Fe

42
20Ca22

(3He,t) CE Reactions
On stable targets
@ RCNP(Osaka)

Beta-decay studies
@ GSI-Rising

46Ti

50Cr

50Fe

54Ni

46Cr

(3He,t)

N=Z

54Fe

42
20Ca22

42Ti



A=46, T=1

All the strong GT States  were seen by beta decay
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Results: preliminary BGT values from beta decay

Francisco Molina et al., analysis,
 in progress IFIC (Valencia)

A=54 B(GT) decay B(GT) CE

937 keV 0.471(55) 0.493(62)

3378 keV 0.074(14) 0.079(11)

3889 keV 0.064(17) 0.103(14)

4544 keV 0.075(27) 0.147(20)

A=50

652 keV 0.547(90) 0.510(14)

2404 keV 0.126(23) 0.151(40)

2685 keV 0.090(19) 0.106(28)

3380 keV 0.281(55) 0.350(93)

A=46

994 keV 0.330(329) 0.368(44)

1433 keV 0.107(107) 0.122(15)

2462 keV 0.146(146) 0.201(24)

2698 keV 0.111(111) 0.205(25)

2978 keV 0.479(478) 0.625(75)

3870 keV 0.105(119) 0.117(14)

Isospin symmetry works in general 
(full strength) but some differences appear 
at high excitation energy, which should be 
understood

This is the first experimental test
of BGT gs symmetry in the f shell. 

Rubio, Fujita, Gelletly et al., 



188Ta →188W

190Ta
 →190W

192Ta →192W



(some) of The ‘Jedi Masters’ needed to make it all work…

• Design group at Daresbury/Liverpool (Dave Seddon/Paul Morrall) for design of 
RISING holding structure.

• Peter Reiter + Koln group….use the DGF modules for gamma DAQ.

• Nick Kurz; Henning Schaffner – letting us see the signals.

• Ivan Koj. – the ‘shepherd of the detectors’

• Jurek Greb. – with Cracow we could ‘see where we were going’

• W. Prokopowicz – making it all fit together

• Rakesh Kumar – testing the DSSSDs

• Stephane Pietri – keeping it all together, making it work.

• Hans-Juergen – keeping it moving forward…taking the ‘bullets’ when needed.



Future….PreSpec –DECAY & DESPEC to look forward to, 
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(some) of the PhD / Masters Theses….

1. Adam Garnsworthy (Surrey – PhD 2007)
2. Steven Steer (Surrey – PhD 2008)
3. Nasser Alkhomashi (Surrey – PhD 2010)
4. Greg Farrelly (Surrey - 2010)
5. Nawras Al-Dahan (Surrey - 2010)
6. Mike Bunce (Surrey -2012)
7. Mike Bowry (Surrey -2012)
8. Lucia Caceres (Madrid/GSI – PhD 2008)
9. Robert Hoischen (Lund/GSI)
10.  Christophe Hinke (TU Munich)
11.  Katrin Eppinger (TU Munich)
12.  Farheen Naqvi (GSI/Koln)
13.  Namita Goel (GSI/Koln) 
14.  Anna Denis-Bacelar (Brighton) 
15.  Maria Domcel (Salamaca)
16.  Roberto Nicolini (Milano)
17.  Andrea Gottadro (Padova)
18.  Tom Brook (York)
19.  Norbert Braun (Koln)
20.…….
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8. S313: 208Pb beam active. N →126 Benlliure / Regan 8 Jul –17 July 07 P.H. Regan et al., IJMP E17 (2008) 8; 

A.I. Morales et al., Acta Phys. B40 (2009) 867
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13. S352: 124Xe beam; 96,8Pd Blazhev / Wadsworth / 
Liu / Boutachkov 

5 Jun – 13 Jun 08 R Wadsworth et al., Acta Phys B40 (2009) 611

14. S361: 238U beam, 104,6Zr Bruce 17 Sep -20 Sep 09
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