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185N, 198N, 198SN.s. .. :  Valence neutron occupy d5/2 or g7/2

L-forbidden M1 transition: 1335, 1881, 131Csg. .
An MI transition requires AJ=1 and N
AL=0 or 1. So a transition with AJ=1 S
but AL=2 1s forbidden in the single-
particle model.

Valence proton occupy d5/2 or g7/2

LEoSiEmas ) 1198n69 : Valence neutron occupy d5/2, g7/2

— are well-studied xxxx
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e 2352Cf fission fragment yields e 115117Ag decay scheme
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B Experimental Setup

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

(a) = 4

PCB with SiPMs L e
rooooog .
QOO Y
[ ops OO0 s
: OO0 LA
X O oogc
, Y VAN - ESSS === il 4 HjE E|u|E|n 6
5 . '\"_.-I'-'f'l jade 1‘ : / v‘ - .,' s I;.-?'_ et
\ Solar Cells Fast Plastic Scintillators

CsI(TI)

== Pb collimator

LaBrs;(Ce) Detectors

B 8 HPGe detectors
- BGO Anti-Compton shields - Energy Resolution : 2.5 keV @ 1.33 MeV

Bl 20 LaBrs(Ce) detectors 2 inch diameter and 3 inch length
- CsI(T1) Anti-Compton shields - Time Resolution : 348.9(2) ps @ 1173 keV-1332 keV

M 36 Fission Fragment (FF) detectors(Solar Cells):
- FF implantation tagging

B 36 Fast Plastic Scintillators :
- B-particle tagging
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Key Performances of HALIMA Detector Array

Compton Suppression with CsI(T1) Shields

— without CsI(Tl) anti-Compton shield

- with CsI(TI) anti-Compton shield
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Fig. 4. The energy projection spectra of the symmetric «-7 coin-
cidence matrix of LaBrs(Ce) detectors obtained using 152Ey stan-
dardized source. Compared to the spectrum without CsI(Tl) anti-
Compton shields (blue), the background continuums are effectively
reduced with the use of CsI(Tl) anti-Compton shields in the energy
spectrum (red).

Time Resolution of LaBr3(Ce) Array (°°Co)
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Fig. 5. Time distribution of twenty LaBr3(Ce) detectors in HALIMA
from the 1173 keV-1332 keV ~ ray cascade of °°Co source. Time
resolution for twenty LaBr3(Ce) detectors was fitted by Gaussian
function.
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Fig. 2. The absolute full energy peak efficiency as a function of -~y
energy as measured using '°?Eu, '**Ba and °°Co v sources. The
red circle represents the FEP of LaBr3(Ce) detectors fitted in red
line, while the FEP of HPGe detectors is shown in blue circle fitted
in blue line.
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* Sectional view of the HALIMA setup Coincidence Technique
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(a) Fission Fragments(FF)-y,-y,-y; Coincidence
- Solar cell tags FF — y:1 (HPGe) — 72/ys (LaBr3(Ce))
- Allowing uppression of uncorrelated y background from B-decay

(b) B-y;-v,-Y3 Coincidence
- Plastic scintillator tags B decay — vi1 (HPGe) — vy2/ys (LaBrs(Ce))
- Allowing measurement of the y after the beta decay



Result and Discussion

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

* Direct electronic timing measurement

1. When 7 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 1 is comparable to the time resolution, convolution fitting (between the Gaussian and EXPO)

3. When 7 is smaller than the time resolution, only the centroid of time distribution deviates from the prompt

one (centroid shift or centroid difference method)

The centroid or center of gravity is the ' | T
first moment of a time distribution D(7): 100~ = T
' 'I_,-l"

P()/;

11 tstart j ID(I) dr
A 4 CD=<£‘>=

jD{r) dt

The statistical uncertainty is given by
Y2 bstop the standard deviation c=FWHM/2.355
of the PRF:
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Lifetime Measurement Results using Convolutional Fitting

15Cd (5/2)+

Estop detector ( keV )

h

E Entries
X Mean x
FE et Mean y
4 Std Dev x
. *' Std Dev y

107769
282.3
2823
81.51
81.51

17Cd (3/2)+

-
(523
[=]

Estop detector ( kCV )

E T T R e g S L e - h 242826
: e oo i H] ntries

cate on 298keViiE 2 P Meanx 2284

F 1 \ Z o | -

e £ N =]

{r’:r;_‘,' ., s ) ; oy Meany 226.4

g " Std Dev x 109.5

109.5

ah .’."!'.":#.1" iy
300 350 400

Estart detector ( kCV )

Counts / 200 ps

10

Counts / 200 ps

=

T \IIIJIl

T \HIH[

\I‘\\\\‘II\lrlllil\\\\‘II\\‘\\II‘IVII]|I\\

115¢d 5/2+ state
c: 274(13)
1: 974 ps(26)

-1000

1000 2000 3000 4000 5000 6000 7000

0
Time Difference (ps)

10

—+

17

:‘bil

"7cd 3/2+ state

299(15)
: 349ps(26)

I T T UV S T A A A

-1500 -1000 -500

0 500 1000 1500 2000 2500 3000
Time Difference (ps)

1/2-
115Ag N\
(3/2+, 5/2+) A>® (\6 749 keV
labr

(+) NG 474 keV

G2+ ¢ I @ 361 keV

G2+ ‘ labr® 2o kev

e
172+ 18 0 keV
115Cd
7/2+
1/2-
117Ag G2H & 820 keV
e
5/2)+ 8 A
(512) 4 & S P 522 keV
G2)+ I 338 keV
5
32+ 1 labr N (135 keV
12+ ‘ labr v
117Cd



Result and Discussion

Lifetime Measurement Results using Centroid-difference method
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Result and Discussion

Lifetime Measurement Results using Centroid-difference method
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n Perspective

HALIMA is quite suitable for lifetime
measurement of excited states in exotic nucleus;

Compared with 22Cf spontaneous fission, fast
neutron induced fission of 238U produce more
exotic nucleus;

Our goal 1s to apply HALIMA at back-n of CSNS
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Figure 3: Proposed arrangement of the gamma detectors for the v-Ball 2 induced fission cam-
Figure 2: LICORNE fission source with 23U target installed. The "Li beam is indicated by a

paign. LaBr; detectors are arranged in two rings, one at forward and one at backward angle,
pink line, the neutron cone is shown with intensity colour coding. to maximise efficiency while avoiding the neutron cone.
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. . Figure 1: Different fission reactions used to study the prompt y-decay of neutron-rich nuclei.
* Institute of Modern Physics

The spontaneous fission sources are circled in green. Nuclei fissioned with thermal neutrons
during the EXILL campaign are circled in blue. The new reaction mechanisms currently only
available at the IPN Orsay with LICORNE /v-ball are circled in red.
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