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The lifetime of nuclear excited state

Determines the reduced electromagnetic transition
probability, can be used to test nuclear structure models
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The lifetime information in 4°Ti and #°Sc
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The lifetime information in 4°Ti and #°Sc
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TL2 beam line at HIRFL

SSC(K=450) SFC (K=69)

100 AMeV (H.L), 110 MeV (p) 10 AMeV (H.L), 17~35 MeV (p)




TL2 beam line at HIRFL

- SSC(K=450) SFC (K=69)
| 100AMeV (HL), 110 MeV (p)  10AMaV (H.), 17~35 MeV (p)
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The diaphragms and slits




Commissioning run

15 HPGe + 6Clover




Commissioning run

15 HPGe + 6Clover

Beam spot: phi 6.5 mm




Exp results - DSAM
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Exp results - DSAM
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Exp results - DSAM
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results - DSAM

AG_1_1468 NEF3.0 [AG_1 1428 NEB55.0 C
12499 (29/27)

2345
10154 I (25/27)

3010

25[)0
A8 1468 WEFS.0 10000 AG_350468 NEB58.0

I 7144 27/2”

5000 o -
500 3519 0 =90 6163 232”

1181

200

L A380_1468 NIEFB 0 [AG_350468 NEB58.0

1500

1000

500

LA 8B_ 1468 M0

1180 350

| 2656.66¢ 18  13/2~




Lifetime measurement at CIAE

Reaction: 12C + %ZrQO,

Beam: 12C, 41.8 MeV, 5pnA

Detector: SAC-LaBr + 6AC-HPGe
+ 1AC-Clover
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Exp results - DSAM
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Exp results - DSAM
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The lifetime of nuclear excited state

Determines the reduced electromagnetic transition
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Electronic timing -- details

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

l Experimentally
g

Electronic timing D
- ——

A J

~10fs ~1ps ~100ps T
=10 s =102 s =101°s
Slope Method Convolution Method
(b) [ Prompt curve_
1.66 (12) ns '

Generalized
Centroid Difference
Method

J.-M. Régis, et al. NIM A 763, 210 (2014)

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



The Generalized Centroid Difference Method

Prompt time spectrum

N - f p-
“delayed” time spectrum

100

1 OP(t) -
10 Ot) . ItD(r)dr

| Dty e
1- /' \
cP cD
ke [ ' [ ) | ' | ' | ' | ' | ' [ '
580 600 620 640 660 680 700 1t

Assuming no background contributions:

T = CD (Estart;Estop) - CP(Estart:Esmp)




The Generalized Centroid Difference Method

\ . . ‘ | ‘ \
1000 ~ . < < > > —
1€ (E decay E feeder) g < CH(E eeder-E decay):,

Switch the ; -
feed er an d CAD(Edecay:E feeder)
decay

transition :1\
F

o |
ST U Y T

5 10 15 20 25 30 35 40
t [ns]

AC gEfggger' Edecag) — CD (Efeeder' Edecay) - CAD (Edecay' Efeeder)
= PRD( Efeeder, Edecay + 27

PRD (Efeederr Edecay) — CP (Efeeder' Edecay) - CP (Edecayr Efeeder)

Can be determined using ®2Eu source J.-M. Régis, et al. NIM A 823, 72 (2016)

D
C (E feeder .E decay) =

delayed

26



| forbidden transition in 19°pPd

7/2* state arising from vg-,,

5/2* state arise from vd;,,

Studying the | forbidden
transition is  helpful In
understanding the structure,
as well as testing the nuclear
models




Lifetime measurement at CIAE

Reaction: 12C + %ZrQO,

Beam: 12C, 41.8 MeV, 5pnA

Detector: SAC-LaBr + 6AC-HPGe
+ 1AC-Clover
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counts

LaBr + BGO_AC performance test
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LaBr + BGO_AC performance test
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In-beam spectra
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Time difference spectra
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PRD curve from 1°2Eu
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Formula to extract lifetime

.3'2_3*__ 5255.6
ACppp = ACexp + l[tcorr(feeder) + feorr(decay) _ 'QZI--_"_M 105 Pd
where ?_": 29+9 ) |
_ _ o 23% lazsaz
teorr(feeder) = (ACexp — £CBO) 27+h : 5 =
corr — I p/b _feeder’ ?:,3873.5 2 ._22_7- 3800.7
~
0
[ (ACexp — ACRG) | +
Icorr(decaY) — =F 2 ) -?
= p/ - decay 19+
2
and

T = %(ACFEP — PRD).

é;\
<

T= 130(0@ pS

Q




Deduced B(M1) value

. 5 .3'2_3*__ 5255.6
T(M1) = (1 + 07y ) (1 4+ 67) 3~ aes33 105
3* se687 5| - | Pd
o = 0.01896 2 o | |
§ .2?9:_,,425475
— + ~
6 =0.055 2_27: 38133 [ 217 l3g007
Nuclear Data Sheets 105, 775 (2005) N g
-?'i-

2]
The B(M1;7/2% — 5/27) value in unit of 3, is calculated 18+
by the formula 2

5.687 x 107
— e (5)

M= T

B(M1;7/2* > 5/2*)
S
= 1.49(8) X%§102 p2

N

= 0.83(5)4X 102 W.u.
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