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 For nuclei near 208Pb region, in most of the cases, the experimental B(E2) values are missing apart from the isomeric states.

 The experimental B(E2) values for low-lying spin states are very much important to understand the nuclear structure in this region.  

This makes important to measure the lifetime of the states other than the isomeric ones which are in sub nanosecond ranges .

 Fast timing technique with new generation inorganic scintillators (LaBr3(Ce), CeBr3) can be applied to measure lifetime in this region with direct electronic method.

Introduction

CeBr3 scintillators:   
potential alternative to LaBr3(Ce)  

Time resolution comparable to LaBr3(Ce)
Energy resolution slightly poor compared to LaBr3(Ce)
No internal activity 
Less costly compared to LaBr3(Ce)

Characterization of 1.5″x1.5″ CeBr3 + PMT R13089-100
Experimental set-up

CeBr3 EfficiencyS. Das, et al.,
Proc. of DAE-BRNS Symp. on Nucl. Phys. 2019

Lifetime of a directly measurable state  = C(D) – C(P)
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J.-M.Regis, et al., 
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Prompt Response Difference PRD = C(P)stop – C(P) start

Centroid Difference ΔC= C(D)stop-C(D)start

C(D)stop : Delayed time distribution        
 Efeeder (start) - Edecay (stop)

C(D)start : Antidelayed time distribution   
 Edecay (start) - Efeeder (stop)
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384 (3/2)+ 53-303 63(16) 67(10)

161 (5/2)+ 276-161 248(6) 216(11) 258(18)

PRD Calibration and Lifetime measurement in 209Po

209At   e decay (95.9%) T1/2 = 5.42 hr 
209Po

209Bi(a,4n)209At @ 52 MeV (Production cross section ~ 1500 mb )

Physics motivation

 Experimental excitation energies of low-lying negative states of 209Po 
are in well agreement with theoretical values.

 The agreement with experimental B(E2) values are less satisfactory.

 A detailed analysis of B(E2) transition strengths is required for 
the understanding of exact nuclear structure. 

Soumik Bhattacharya, 
Sneha Das, et al., 
NIM A 1014, 165737 (2021)

Manufacturer reported HV = -900V
Detector + PMT linear upto = -1400V
Non-linearity starts from -1500V  

Typical energy resolution   
4.1% @ 662keV (137Cs)
2.9% @ 1332keV (60Co)

Linearity Test

The best time resolution 
between two 
1.5″ x 1.5″ CeBr3

at -1700V,0.8 ns delay

199(2) ps
for 1173-1332

 327(3) ps
for 511-511
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Off-line decay of 209At produced from K-130 Cyclotron @ VECC
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Bias: -1400V
CFD delay: 5ns

2s Deviation = 10 ps

ΔC= PRD +2 J.-M.Regis, et al., NIM A 684 (2012) 36-45

PRD fitted by

PRD fitted by

2s Deviation = 8 ps
11/2- = 94(8) ps [present work]

= 97(6)  

= 101(29) 

V. Karayonchev et al., 
PRC 103,044309 (2021)

[Adopted value from
NNDC] 
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 The best time resolution obtained for a single 1.5″x1.5” CeBr3 scintillator detector is 141(1) ps.

 The energy resolution of CeBr3 scintillator detector obtained from present work is 4.1% at 662 keV of 137Cs. 

 The lifetime for two states- 3/2+ and 5/2+ of 133Cs are well reproduced using Fast timing MSCD method.

 The lifetime of 11/2- state of 209Po has been extracted with two 1.5″ x 1.5″ CeBr3 detectors.
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