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The lifetime of nuclear excited state

Determines the reduced electromagnetic transition
probability, can be used to test nuclear structure models

Experimentally

Counting Method

Start-Stop Method

Recoil-Distance 
Doppler Shift 

Method

Doppler Shift 
Attenuation 

Method
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DSAM -- details
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Determines the reduced electromagnetic transition
probability, can be used to test nuclear structure models
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DSAM -- details
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The lifetime information in 45Ti and 45Sc

in some states, only the
limit of lifetime is
known
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The lifetime information in 45Ti and 45Sc

We planed to get lifetimes
with high precision, to
futher study the nuclear
structure

in some states, only the
limit of lifetime is
known
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TL2 beam line at HIRFL
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TL2 beam line at HIRFL
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The diaphragms and slits
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15 HPGe + 6Clover

Commissioning run

36Ar
4.03 MeV/u

PEEK
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15 HPGe + 6Clover

Commissioning run

36Ar
4.03 MeV/u

PEEK

Beam spot: phi 6.5 mm
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Exp results - DSAM

Gate

1st ring: θ = 154 °

2cd ring: θ = 128 °

3rd ring: θ = 90 °

4th ring: θ = 52 °

5th ring: θ = 26 °
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Gate

θ = 154 °

θ = 128 °

θ = 52 °

θ = 26 °

Exp results - DSAM
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Gate

θ = 154 °

θ = 128 °

θ = 52 °

θ = 26 °

θ = 90 °

Exp results - DSAM
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Reaction: 12C + 96ZrO2

Beam: 12C, 41.8 MeV，5pnA

MIDAS

DZTZ

HPGe and 
LaBr Signals independent

Lifetime measurement at CIAE 

Detector: 3AC-LaBr + 6AC-HPGe 
+ 1AC-Clover
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Beam: 12C, 41.8 MeV，5pnA

MIDAS

DZTZ

HPGe and 
LaBr Signals independent

Lifetime measurement at CIAE 

Detector: 3AC-LaBr + 6AC-HPGe 
+ 1AC-Clover

Reaction: 12C + 96ZrO2
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Gate

θ = 90 °

θ = 90 °

θ = 42 °

θ = 42 °

θ = 150 °

θ = 90 °
θ = 90 °

θ = 42 °
θ = 42 °
θ = 150 °

Exp results - DSAM
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Gate

θ = 90 °

θ = 90 °

θ = 42 °

θ = 42 °

θ = 150 °
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Exp results - DSAM
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The lifetime of nuclear excited state

Determines the reduced electromagnetic transition
probability, can be used to test nuclear structure models

Experimentally

Counting Method

Start-Stop Method

Recoil-Distance 
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Electronic timing -- details

Determines the reduced electromagnetic transition
probability, can be used to test nuclear structure models

Experimentally

Generalized 
Centroid Difference 

Method

S. Kisyov, et al. PRC 84, 014324 (2011) C. B. Li, et al. PRC 86, 057303 (2012)

Slope Method Convolution Method

J.-M. Régis, et al. NIM A 763, 210 (2014)
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The Generalized Centroid Difference Method
Prompt time spectrum

“delayed” time spectrum

Assuming no background contributions: 
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The Generalized Centroid Difference Method

Can be determined using 152Eu source

Switch the 
feeder and 

decay 
transition

J.-M. Régis, et al. NIM A 823，72 (2016)
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105Pd

l forbidden transition in 105Pd

7/2+ state arising from νg7/2

36.1 μs

5/2+ state arise from νd5/2

Studying the l forbidden
transition is helpful in
understanding the structure,
as well as testing the nuclear
models
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Beam: 12C, 41.8 MeV，5pnA

MIDAS

DZTZ

HPGe and 
LaBr Signals independent

Lifetime measurement at CIAE 

Detector: 3AC-LaBr + 6AC-HPGe 
+ 1AC-Clover

Reaction: 12C + 96ZrO2
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LaBr performance test

LaBr3(Ce) crystal
Picture of detectors

LaBr3(Ce) detector

Time resolution:296 ps (FWHM) 
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LaBr + BGO_AC performance test

BGO passive

152Eu

channel

co
un

ts

BGO active
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LaBr + BGO_AC performance test

LiteratureExperiment

T1/2

VS

1.428 ns1.466 ns
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105Pd

In-beam spectra

Gated spectra from 105Pd 

LaBr
HPGe

Gate: 306 keV

Gate: 183 keV

36.1 μs
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Time difference spectra

LaBr
HPGe

ΔC = 217(6) ps

Gated spectra from 105Pd 

Gate: 306 keV

Gate: 183 keV
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PRD curve from 152Eu
152Eu

152Gd
TDC difference with respect to 344 keV
of 152Eu

Gate
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105Pd

36.1 μs

Formula to extract lifetime

τ = 130(7) ps
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Deduced B(M1) value

B(M1;7/2+ -> 5/2+)  

= 1.49(8) × 10-2 μN
2

= 0.83(5) × 10-2 W.u.

105Pd

36.1 μs

α = 0.01896

δ = 0.055
Nuclear Data Sheets 105, 775 (2005)
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