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208Pb* 

132Sn* 

78Ni 

100Sn 

132Sn is the only medium-heavy 
doubly magic nucleus, which 
itself and most of its neighbours 
can be studied in some detail. 

L.M. Fraile – GFN-UCM 

N = 82 and 132Sn 
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Soft potential leading to shell changes 

T.R. Werner, J. Dobaczewski,  
W. Nazarewicz,  Z. Phys. 
A358 (1997) 169 

Possible signatures: 
•  reduction of spin-orbit splitting in n-rich nuclei 
•  increased neutron skin  

Test the shell-model effective Hamiltonian:  
•  single particle energies  
•  2-body matrix elements of the residual interaction 
•  effective electromagnetic operators 

→ Transition rates required to 
constraint calculations 
→  Experimental information 
needed to better define the M1 
operator 



SSNET Nov 2016 

132Sn 133Sn 134Sn 

133Sb 134Sb 

134Te 

131Sn 

131In 132In 130In 

132Sb 

130Cd 

130Sn 

π-π

ν-ν

π-νπ-ν-1

ν-1-ν-1

π-1-ν-1

π-1-ν

π-1-π-1

πd5/ 2 

πg7/ 2 

πs1/ 2 

νd-1
3/ 2 

νh-1
11/ 2 

νs-1
1/ 2 

 νg-1
7/ 2 

νf7/ 2 

νp3/ 2 

νh9/ 2 

πf-1
5/ 2 

πp-1
1/ 2 

πg-1
9/ 2 

πp-1
3/ 2 

Configurations 



SSNET Nov 2016 L.M. Fraile – GFN-UCM 

4+ to 2+ ratio 
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Transition rates – electronic timing 
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[H. Mach et al., NPA 523 (1991) 197] 
 

RIB 
β (NE111A) 

HPGe:  BRANCH SELECTION 
High energy resolution 
Poor time response 

LaBr3(Ce)/BaF2: TIMING 
Fast response γ-detectors  
Stop detectors 

Plastic β scintillator: TIMING 
Fast response  
Efficient start detector 

stop 
start 

β 
γ1 

γ2 

T1/2   

TAC 

The Advanced Time Delayed  βγγ(t) method 

→  Double coincidences: βγ: beta-Ge and beta-LaBr3 
→  Triple coincidences βγγ: beta-Ge-Ge and beta-Ge-LaBr3 
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ROShpere IFIN-HH, EXILL-FATIMA ILL 2013, ANL 

HPGe:  BRANCH SELECTION 
High energy resolution 
Poor time response 

LaBr3(Ce): TIMING 
Fast response γ-detectors  
Start and stop detectors 

stop 
start 

γ1 

γ2 

T1/2   

Time 
difference 

Fast-timing γγγ(t) 

→  Triple coincidences γγγ: Ge-Ge-Ge and Ge-LaBr3-LaBr3(t) 
→  4-fold coincidences or fission selection  
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IDS setup 
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IDS in the ISOLDE hall 



SSNET Nov 2016 L.M. Fraile – GFN-UCM 



SSNET Nov 2016 

•  4 Clover HPGe ~ 3.7% eff. @600keV 
•  2 LaBr3(Ce) ~ 4% (2% each) 

@600keV (or up to 6 detectors) 
•  1 Plastic Scintillator ~ 20% eff. 
•  DAQ – Digital system 
•  Analog TACs 

Transition rates: ß-decay setup at ISOLDE 

IDS 
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Fast timing measurement of the 1/2+  
315-keV level in 129Sn 

Time distribution 

Gaussian Fit 

129In decay at IDS 

There is no indication of a long 
lived component in the beta-gated 
LaBr3 timing spectrum 

H. Gausemel 
et. al, PRC 
69, 054307 
(2004) 
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129In decay at IDS 

L.M. Fraile – GFN-UCM 

Shell model calculations A. Gargano - 132Sn core 
Single hole energies taken from 131Sn  
Effective interaction: CD-Bonn 

315-keV transition: Test for M1 effective 
operators   3s1/2 → 2d3/2  M1 l-forbidden   
Predicting half-life using the effective charges 
and gyromagnetic factors from M. Danchev et. 
Al, PRC 84, 061306(R) (2011)  
Unknown M1 effective operator for neutron 
holes: 

 T1/2 
theo (<d3/2|M1|s1/2>) ~4 ns 

 

[R. Liča, H. Mach et al.,  
PRC 93, 044303 (2016) ] 

T1/2
exp (351-keV)  

= 19(10)  ps 
A slightly different from zero M1 
effective operator for neutron holes 
greatly improves the agreement without 
changing any other matrix elements 

𝝉=28(15)𝒑𝒔 

Using the centroid shift method 
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ü Study of 131In at RIKEN 
→  1p hole in 132Sn   

→  πp3/2 structure found  
ü SM: Evidence of the 

disappearance of the Z = 40 
proton subshell closures at 
N = 82 

ü Changes in the shell 
structure in this region far 
off stability 

ü   Reduction of the N=82 gap 
for r-process  

J. Taprogge, A. Jungclaus,  IEM-CSIC 
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Odd mass Sn isotopes: 131Sn 

ü (Indirect) information on single-particle states 
→ the νh11/2 (hole) at 69±14 keV 

→ 65.1 keV measured without confirmation 
from coincidences… 

ü Three beta-decaying isomers 
→  1/2−, T1/2 = 280(3) ms, Pn = 2% (?) 

→   9/2+, T1/2 = 350(5) ms, Pn = 2% (?) 
→  21/2+, T1/2 = 350(5) ms 

→  Qg.s. = 9177 (18) keV 

L.M. Fraile – GFN-UCM 

[B. Fogelberg PRC70 (2004)] 
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131Sn measurement performed 2016 

L.M. Fraile – GFN-UCM 

ü M2 branch may point to measurable T½   
→ ~20 ps 

→ lifetimes 
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ü Expected increased sensitivity by factor ~20 
ü  Isomer selectivity in In 

→  disentangle decay schemes 
ü Lifetimes of high-lying levels 

→  from 21/2+ isomer, at ~4.5 MeV 
ü Lifetimes 331-keV 1/2+ level (& other) 

→  forbiddenness of the transition, M1 operator 
→  similar to 129Sn measured at IDS   

131Sn measurement 
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Study of 133Sn 
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ü  Information about the M1 operator above 132Sn 
133Sn 
ü  2p1/2 single-particle candidate from 132Sn(d,p) was 

identified at 1.363 MeV 
 K.L. Jones et al., PRC84, 034601 (2011)  

→  300 keV lower than proposed value from β-decay 
	P. Hoff et al., Phys. Rev. Lett. 77, 1020 (1996)   

ü  No 13/2+ observed to date 
Isomer selective decay from 133In isomers 

→  (9/2+) ground state and (1/2−) 
β-n branch from 134In 
Estimated ~20 higher statistics than 1996 
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Preliminary analysis 

853.8 keV 133Sn

L.M. Fraile – GFN-UCM 

512.8 keV
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B. Fogelberg et al., Phys. 
Rev. Lett. 73 (1994) 2413 132Sn 

L.M. Fraile – GFN-UCM 
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from Jan Blomqvist 

Not identified! 

Available information on 132Sn 

H. Mach et al., Nuclear 
Physics A588 179c (1995)  
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Multiplet       νf7/2d3/2
-1          from Henryk Mach after Jan Blomqvist  

Β(Μ1; 5– - 4–) = (9/140π) [ µ(f7/2) –7/3 µ(d3/2
–1) ]2 

µ(f7/2)  ~  –1.0 µN                   µ(d3/2
–1)  ~  +0.8 µN 

Β(Μ1; 5– - 4–) th  =  0.168 µN 
Β(Μ1; 5– - 4–) exp = 0.127(36) µN                 from experimental T1/2 =  17(5) ps 

Multiplet       νf7/2h11/2
-1            

Β(Μ1; 7+ - 8+) = (27/98π) [ µ(f7/2) –7/11 µ(h11/2
–1) ]2 

µ(f7/2)  ~  –1.0 µN                   µ(h11/2
–1)  ~  –1.0 µN 

Β(Μ1; 7+ - 8+) th  =  0.012 µN 
Β(Μ1; 7+ - 8+) exp =  0.042(6) µN                 from exp. T1/2 =  62(7) ps 

Identification of 132Sn multiplets 

ü Combination of gamma and fast-timing spectroscopy   
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132Sn measurement 

ü Reach to several level lifetimes, including negative-parity states  
→  transition rates 

ü Beta decay of 132In; single beta-decaying isomer  
→  spin/parity = 7− 

→  T1/2 = 207 ms,  Q = 14.1 MeV 
→  Sn = 7.3 MeV,  Pn = 6.3(9)% 
→  Daughter 132Sn to 132Sb (T1/2 = 39.7 s) 

ü Beta decay of 133In via β-n branch; two beta-decaying isomer  
→  spin/parity = (1/2−), (9/2+) 

→  T1/2 = 165 ms, Q = 12.9 MeV 
→  Sn = 2.37 MeV, Pn = 85(10)% 

L.M. Fraile – GFN-UCM 
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Preliminary 132Sn 

L.M. Fraile – GFN-UCM 

Check 4416-keV 4+ state  
T1/2 ~3.7 ns 
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“Simple” nuclei 
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134Sb (132Sn ⊕ p ⊕ n) beta-decay results 

ü Strong production of 134Sn 

→  Clean spectra 
→  Weak branches 
→  Fast timing 
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134Sb results: lifetime of 383 keV level 

554 keV gate 

551 keV gate 

LaBr3(Ce) 

HPGe 

BaF2 

LaBr3(Ce) 

HPGe 

BaF2 
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134Sb results: lifetime of 383 keV level 

554 keV gate 

551 keV gate 

LaBr3(Ce) BaF2 

Tau = 40(8) ps Calibrations need to be finalized 
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134Sb results: comparison to shell model 

Levels 
πg7/2νf7/2 

Exp  
(keV) 

Brown 
(keV) 

Covello & 
Gargano (keV) 

0– 0 0 0 
1– 13 333 52 
2– 331 404 385 
3– 383 587 429 

Transition Exp (keV) Brown* 
(keV) 

Covello 
Gargano (keV) 

3– → 2– B(M1) =  2.0(0.4) µN
2 1.60 1.39 

3– → 1– B(E2) = 118(26) e2fm4 84 115 

B(M1) is one of the fastest in all known nuclei at the excitation energy 
below 3 MeV 
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136Te (132Sn ⊕ 2p ⊕ 2n) status 

ü  B(E2; 0+ → 2+) rates in the region: 

Neutron number 

B
(E

2;
 0

+  →
 2

+ )
 (e

2 b
2 )

 

140Xe: T1/2= 70(5) ps     60% shorter 
[A. Lindroth et al., PRL 82 (1999) 4783] 

This low B(E2) implies a mean life of 49(7) ps for the 2+ state in 136Te 

[D. Radford et al., PRL 89 (2002) 222501] 

+ Th. Kröll et al., Xe CoulEx 
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136Te results: lifetime of the 2+ state 

ü  Summary of results 
B(E2; 2+ → 0+) = 208(29) e2fm4  [D.Radford et al. PRL 88 (2002) 222501] 

B(E2; 2+ → 0+) = 245(50) e2fm4  ISOLDE work, τ~43(9) ps 
     

B(E2; 2+ → 0+) = 260?? e2fm4          [A. Galindo-Uribarri, this workshop] 
 

B(E2; 2+ → 0+) = 303(20) e2fm4  C. Baktash, B(E2↑)=0.15(1) e2b2    
       [Abstracts, Spring Seminar on NP 2007] 

 

Calculations: 
B(E2; 2+ → 0+) = 500 e2fm4   A. Covello [D.Radford PRL 88 (2002) 222501] 
B(E2; 2+ → 0+) = 180 e2fm4   J. Terasaki [PRC 66, 054313 (2002)] 
B(E2; 2+ → 0+) = 320 e2fm4   A. Covello [D.Radford et al., Proc. World Sci. 2003] 
B(E2; 2+ → 0+) = 300 e2fm4   N. Shimizu [PRC 70 054313 (2004)] 

B(E2; 2+ → 0+) = 452 e2fm4  A. Brown 
B(E2; 2+ → 0+) = 360 e2fm4  A. Covello and A. Gargano 

L.M Fraile et al., being prepared for publication 
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Summary 

ü From the lifetime measurements we have identified 
→  Extraordinary fast M1 transition connecting levels in the 
πg7/2-νf7/2 multiplet in 134Sb, with B(M1) = 2 µN

2 
→  τ = 43(9) ps for 2+ state in 136Te ⇒ faster B(E2) 
→ 1/2+ state and very fast E2 1/2+ → 5/2+ transition in 135Sb 

•  Reproduced by SM calculations 
•  Collective, not compatible with a 136Te value… 
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135Sb results: transition probabilities 

L.M. Fraile 

1240(60) ps 

g7/2 ⊗ 2+ 

d5/2 ⊗ 2+ 

d5/2
 

g7/2
 

241: B(E2; 1/2 → 5/2) = 12.7 (6) W.u. 
 

 

 

 

 
 

 440: B(E2; 3/2 → 7/2) > 4.3 W.u. 

 158: B(M1; 3/2 → 5/2) > 0.004 W.u. 

 282: B(E2; 5/2 → 7/2) < 1.3 W.u. 

 282: B(M1; 5/2 → 7/2) < 0.00017 W.u. 

Core excitation: 
134Sn  B(E2; 2 → 0) = 1.42 (24) W.u. 

(136Te  B(E2; 2 → 0) = 5.0 (7)  W.u.) 
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Rates in 136Te EXILL-FATIMA, ILL Grenoble 

ü EXOGAM	+	Fast	Iming	LaBr3	Ce)	array	
→ 	Nuclear	spectroscopy	of	prompt	fission	fragments	in	2013	
→ 	Thermal	neutron	induced	fission	of	235U.	
→ 	EXOGAM	+	16	LaBr3	Ce)	
→ 	Digital	DAQ	for	energy	
→ 	Analog	TACs	for	Iming			

L.M. Fraile – GFN-UCM 
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Study of 136Te 
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L.M. Fraile – GFN-UCM 

Ge 606 keV-La 423 keV START 352 keV 

STOP 352 keV 

To be continued 
V. Vedia et al. 
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Conclusions 

L.M. Fraile – GFN-UCM 

ü Lifetime measurements  
→  Access to transition rates 
→  Systematics  

ü Combination 
→  Production techniques 
→  Experimental methods 
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