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Proposal for Nuclear Physics Experiment at RI Beam Factory (RIBF NP-PAC-22, 2021)
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& R _L 1R Bt [BlgammaR M 23 FE 51
 FATIMA from Surrey Univ, start from 2014,

FWHM =
334.3(4) ps

Gaussian fit

Fig. 14. (Colour online) Different setups in which the FATIMA detectors described in this paper have been mounted and used in experiments or tests. (a) At Argonne National
Laboratory with half of the G array. 25 d d in a hemisph (b) At the University of Surrey, some detectors are mounted on the DESPEC FATIMA
frame in its core configuration with space for 36 detectors on three rings. (c) At GANIL at the LISE station together with HPGe Clover detectors. (d) At IPN Orsay during the
v-Ball campaign 2017/2018. (e) At IPN Orsay for the Stella experiment. 36 detectors in a semi-cylindrical configuration. A manual lift system with counter-weights is used to
allow access to the target chamber. (f) At RIKEN during the EURICA campaign. The detectors have been placed in free spaces in the array in clusters of six. (g) and (h) At GSI
in the S4 cave in the configuration designed for use in the DESPEC station for FAIR (AIDA snout and rack to the left, beam from left to right).
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inch? LaBr3, used at Argonne, GANIL, RIBF-RIKEN, GSI......
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o [E N A [F] gammail =y S 2H o #E 2H PN ] R I % FE 41
=[MP: around 20 LaBr; with crystal size of 2*3 inch2, Coupled with R2083 PMT
= CIAE: around 30 LaBr3 with crystal size of 1.5*2 inch2, Coupled with R6231 PMT
= SYSU-IFCEN: 18 LaBr; with crystal size of 2*3 inch2, Coupled with R13089 PMT
= Shenzhen tech. University: 6 LaBrs with crystal size of 1.5*2 inch2, Coupled with R6231 PMT
= Beihang univ. , Shan Dong univ........
e In total more than 60 LaBr3

» But crystal size and PMT are quite different with each other Why?
 Larger crystal, larger efficiency, worse time resolution

 R6231 PMT has a slower typical rise time (8.5 ns)

» R2083 PMT has a faster typical rise time (around 2 ns)

* R13089 PMT has a fastest typical rise time (<2 ns)

e Common: 500 MHz, 14-bit or 1 GHz, 12(10)-bit digitizer
 Which PMT is best with 500-MHz digitizer?
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tsincli] = sinc (%r)exp (_ (%)2)

L-1

g(j, k) = Z (datalj — i]tsinc[iN + k]
i=0

+datalj + 1 + i]tsinc[(i + 1)N — k])

i ;
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+00

g(x) = sinc(x) * go(x) = f sinc(1)gs(x — ) dA

—0o0

sinc(A) = sinA/A.

* Original Sampling rate: 100 MHz
* Change to 2 GHz
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Fig. 2. Fast pulse digitized at two sampling frequencies, showing how the
application of DCFD produces errors at lower sampling rates.
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ERRET [Blgammaixillz3b%5l: HALIMA@IMP
- |

(a) S / = HALIMA (Hybrid Array for LIfetime MeAsurement)
‘ = 100 uCi 252Cf source

= Solar detector to stop fission fragment,

= Plastic scintillator to measure beta-ray,
= 8 HPGe + 20 LaBr3; for gamma-ray,
= Accumulated more than 12 months data (2023.11— now),

and the analysis seems promising!
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= More detailed in Huang
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Lifetime of Nuclear Excited states

* 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 7 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)

Y1 tstart

Y2 tstop

F K B

Caves/  SUN YAT-SEN UNIVERSITY

The centroid or center of gravity is the "

first moment of a time distribution D(7): 100

f t D(1) dt
CP=<t> = 10

fD(t) dt

The statistical uncertainty is given by 1
the standard deviation c=FWHM/2.355
of the PRF:

0.1
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An example
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* In PRC 107, 014322 (2023), S. Bottoni et al. measured a 3(2) ps lifetime for the first excited state in 131Sb at
LOHENGRIN spectrometer of the Institut Laue-Langevin

T,, * Nearly background-free =~ ¢ High statistic / good time resolution
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