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1 Scientific motivation
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L-forbidden M1 transition:
An M1 transition requires ΔJ=1 and 
ΔL=0 or ±1. So a transition with ΔJ=1 
but ΔL=2 is forbidden in the single-
particle model. 
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1 Scientific motivation

113Cd 
(N=65)

115Cd 
(N=67)

117Cd 
(N=69)

119Cd 
(N=71)

τ = 42 ps
299keV 229keV

135keV
27keV

1/2+

3/2+

1/2+

3/2+

1/2+
3/2+

1/2+
3/2+

τ = ???
τ = ??? τ = 3.3 ps

g7/2
d5/2

d3/2
s1/2
h11/2

64

50

ΔL = 2
Δj = 1

ΔL = 2
Δj = 1

Shell

Subshell

115Sn 
(N=65)

117Sn 
(N=67)

119Sn
(N=69)

τ = 11 ps
497keV

159keV
24keV

1/2+

3/2+

1/2+

3/2+

1/2+
3/2+

τ = 279 ps
τ = 18 ns

Well-
studied

？



1 Scientific motivation

• 252Cf fission fragment yields

Good opputunity to measure the lifetimes of 3/2+ states in 
115,117Cd from beta decay of 115,117Ag

• 115,117Ag decay scheme
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2 Experimental Setup

■ 8 HPGe detectors  
  - BGO Anti-Compton shields          - Energy Resolution : 2.5 keV @ 1.33 MeV  
■ 20 LaBr₃(Ce) detectors   
  - CsI(Tl) Anti-Compton shields       - Time Resolution : 348.9(2) ps @ 1173 keV-1332 keV
■ 36 Fission Fragment (FF) detectors(Solar Cells):  
  - FF implantation tagging  
■ 36 Fast Plastic Scintillators :  
  - β-particle tagging 

• HALIMA (Hybrid Array for LIfetime MeAsurement)
     At the Institute of Modern Physics (IMP)

HPGe

LaBr₃(Ce) LaBr₃(Ce) Detectors

Solar Cells Fast Plastic Scintillators

2 inch diameter and 3 inch length



2 Experimental Setup

Key Performances of HALIMA Detector Array

• Time Resolution of LaBr₃(Ce) Array (⁶⁰Co)• Compton Suppression with CsI(Tl) Shields • Absolute full energy peak efficiency



2 Experimental Setup

(a) Fission Fragments(FF)-γ1-γ2-γ3 Coincidence 
- Solar cell tags FF →  γ₁ (HPGe) →  γ₂/γ₃ (LaBr₃(Ce))
- Allowing uppression of uncorrelated γ background from β-decay

(b) β-γ1-γ2-γ3 Coincidence 
- Plastic scintillator tags β decay → γ₁ (HPGe) →  γ₂/γ₃ (LaBr₃(Ce))
- Allowing measurement of the γ after the beta decay

• Sectional view of the HALIMA setup • Coincidence Technique 



3 Result and Discussion
Selection of different isotopes by triple-gamma coincidence  

gate on 387keV and 135keV

Triple-gamma coincidence after beta 
decay clearly identify different isotopes
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3 Result and Discussion

• Direct electronic timing measurement

1. When τ is significantly larger than the time resolution (FWHM of the prompt time-difference distribution), 

slope fitting of the measured time distribution with an EXPO function, 

2. When τ is comparable to the time resolution, convolution fitting (between the Gaussian and EXPO) 

3. When τ is smaller than the time resolution, only the centroid of time distribution deviates from the prompt 

one (centroid shift or centroid difference method)
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3 Result and Discussion
Lifetime Measurement Results using Convolutional Fitting
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3 Result and Discussion
Lifetime Measurement Results using Centroid-difference method

PRD(131,229) = -136(8) ps        
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3 Result and Discussion
Lifetime Measurement Results using Centroid-difference method

PRD(298,386) = -24(8) ps             

τfinal =  138(22) ps 
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3 Result and Discussion
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4 Perspective

• ALTO facility of the IJCLab hysics

Neutron 238U/232Th

• Institute of Modern Physics

HALIMA is quite suitable for lifetime 
measurement of excited states in exotic nucleus;
Compared with 252Cf spontaneous fission, fast 
neutron induced fission of 238U produce more 
exotic nucleus;
Our goal is to apply HALIMA at back-n of CSNS 



Thanks for listening
Lifetime Measurement of Excited States in 

115,117Cd from 252Cf Fission


