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e Only with the energy
level scheme, 120Te was
considered a textbook

. example of a

L =t vibrational nucleus

N oorw w
+ reens

v

o

Figure 5.19 The low-lying levels of 2°Te. The single quadrupole phonon state
(first 2*), the two-phonon triplet, and the three-phonon quintuplet are obviously
8een. The 3~ state presumably is due to the octupole vibration. Above 2 MeV the
structure becomes quite complicated, and no vibrational patterns can be seen.

Introductory Nuclear Physics, 3rd Edition
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E/J )E\‘ ?*Z é':%‘ 1; @ j:;"_é %+ o TABLE II. Comparison of the measured data for the '*122124Te isotopes

various available models.

A Experiment Vibrator Asymmetric rotor @ Th e tr ans i tion Str ength fi t
I 0.(29)/ Q0 120 0 ~0.179 y =25 .
. 0.(2%)/0Q0 122 —0.182(12) ~0.105y =27.5° a asymmetrlc I"OtOI" far
e Only with the energy 0.(2*)/Qo 124 -0.189(16) - better than a vibrator;
o 120 1.640(33) 2.0 1.426 y =25
120 B(E2;2"—07)
2| N level scheme, 120Te was BERS o) 122 1.500 (40) 1.394 y = 27.5°
§ considered a textbook EEE e ueey e Instead of a pure vibration
g ’ Jels = 120 237(58) 3.0 1781 y =25 . .
. example of a ez 1) 122 sy -ms  notion, an important
18 : vibrational nucleus e B configuration mixing from
N RET =) 20 1260 20 06y =® asymmetric rotor has to be
W R 122 0.954(74) 1.255 y =21.5 .
v w2 4 1115175, considered
e =g AT ) 120 829(47) oo 2042y =25
Fburo.s.io The low-lying levels of 2°Te. The single quadrupole phonon state BE2: 2T 2% .
B 2 onte pemmesy o 00 1o e ot vikeugon: Aoove T e o BE2Z~07) 122 102011 R60y=215 o The lesson: level energies
structure becomes quite complicated, and no vibrational patterns can be seen. ,M,_:_g; —-2%) 124 154 (35)

Introductory Nuclear Physics, 3rd Edition

are never enough

M. Saxena et al. PRC 90 024316 (2014)
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 FATIMA from Surrey Univ, start from 2014,
e 36 1.5*2 inch? LaBrs3, used at Argonne, GANIL, RIBF-RIKEN, GSI......

e B

—

/“ >',"
i’-_

[ “4 ““"l.

—
-

L

100000 1 I 1 1 1 I 1
a) Gaussian fit *

" 10000
a FWHM =
wn
N 1000 334.3(4) ps
8
§2] 100 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
g Laboratory with half of the Gammasphere array. 25 detectors mounted in a hemisphere. (b) At the University of Surrey, some detectors are mounted on the DESPEC FATIMA
o 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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PMT RO779 R13408
Energy resolution 3.4 % @779 keV 3.3 % @662 keV
Time resolution in FWHM 334.3(4) ps @1332-1173 keV 335(1) ps @511-511 keV
(y-y coincidence) (32 detectors w/ ©°Co) (12 detectors w/ 2Na)
Passive Pb shield Optional No
Owners U. of Surrey, U. of Brighton Korea U.
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VISER1E (FXUFHE) © HWEART025<1(50.8 mm), £35E~1(76.2 mm),

vV EIFE(CIREY,
VEFR—RYISLIG T E,

» B22CIRTEAHASHFwNE

® ~4500/)\p¢

B(837)
® 1.3x10MRTEH
® 5.0x109y-y T(£200 ns) e
® 2x108y-y T(5us) Solar-Ge-Gg T LaEr.
® 8x108y-y T(5us) EJ-Ge-Ge | oo
® LaBr3-LaBr3k%it -

-
o

Counts / 500 ps
)

10°

PRC 103, 034317 (2021) »

HPGe gate: 1279, 7U5, 2560 uov
_l_+ LaBr,(Ce): AT(297,115)

T, = 1.4(1) ns

i =
L l FON TR R l PO SO DR O S ]l; PR U A SRR T E 0 SN R N ¢
-2 0 2 4_ 6 8
Time Difference [ns]
timediff_labr_labr
- [timediff_Tabr_labr
Solar-Ge(1279) gate Mo 2118
- ! Sid Dev  2.755
J T, = 1.377(38) ns
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| Interface D PC
A

processing

Shaping Peak
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—-)l Trigger filter
TTrigger ° !
oy
. & CFD filter Header
> Loge | |5
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- —% Energy filter
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o« [EGIRR IS ER T CFD (fEELER) +TAC (B jal-iE B +ADC, a4 3k Re T ;
- (HRLME N, TEWMMtE, EK, PEE = IFHE KRS
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2% fHJE
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* 500 MHz = ¥4 H#) 2ns, 1 GHz=1ns, FPGA—@E it £k N Z AT E S,

A
d fine time stamp (Tj,.)

£
=z —£
W <
= - £3
= sample 82
g period _F
8 <
a
< | 0= basehne \ ( &
a5 AN interpolated zero £
jun]
crossing (ZC) =
— ~f £2
1 | 1 | 1 | Ch (Teoarse) 23
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Nuclear Inst. and Methods in Physics Research, A 1053 (2023) 168356 Nuclear Instruments and Methods in Physics Research A 792 (2015) 81-88 02 4 6 8 10 =500 50 100150
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IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 64, NO. 12, DECEMBER 2017

* Original Sampling rate: 100 MHz

. oo * Change to 2 GHz
g(x) = sinc(x) * go(x) = f sinc(A)gs(x — 1) dA o | | | | | | L
—00 M'!—-\ Maximum = M
sinc(Ad) = sind/A. ) ‘ /10?:\7; .
2 6 — '.__. Pz 2 GS/s =
L (in i\’ 5
tsincli] = sinc (ﬁ) exp|— (7) S - .;_,.B . i
L-1 2 f*M A .
Ag
g(j, k) = Z (datal j — i]tsinc[iN + k] o, “”T/ h | | \\ﬂl_
i:O 0 20 40 60 80 100 120 140

Time (nsec)

+datalj + 1 + iltsinc[(i + 1)N — k]) | - | | |
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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(a) 1.4
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e 2023-11, a test experiment is performed at Back-n beam line at Spallation target at CSNS,

e Back-n neutron beam with an intense flux up to 107 cm?2/s, and the energy can span from 0.3 eV to several hundreds of MeV.
e Natural Ba targets (72% enriched 138Ba) and 89Y targets (the thickness for one target is around 3~¥mm)

e 21MN2*3inch? BLaBr3, 2BIA+PMT, XIAZLFEALIREN, B&NZ[E5,
o 138Baf[IS9VERINE R FRIMLL LEREBIEN, AEHITELRNZ,
= 138Ba N F{ZIR G4 139Ba, beta-ETLE139la, FEMBESHE—HAS,

=139 g N=82, Z=57, sB8— N ASHELSZEWIKIT: L-forbidden M1 transition (g7/2, d5/2), Check the
importance of core-excitation!

7/2- 0.0 82.93M09
139
568983 \
Qlgs)=2314.6 keV 23
B-: 100 %
I{%) Logft
20.7 7.087 3‘3* . 165.9 1.50 NS
70.0 6.845 22+ 165.9___ g0 STABLE

139
57-3g2
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* 212*3 inch? BLaBr3, ZBJAJ+PMT, xm%&?{ta}%ﬂy, ST KBMMQ
568353
« oBa VMR T RN LIBIEN, BT  cwamaskevs %
o I{%) Logft
= 138Ba N F{ZIR G4 139Ba, beta-EILF|1391a, 3
= \ ] 20.7 7.087 -;’,‘gi s 165.9 1.50 NS

minla N=82, 7-57, BE—HASHIESZ MRS R e — A

) o 13 ag,

|mp0rtance Of Core-EXCItatlon!

1400 Sy T e (a) 200 ']:' Fitted result
= [ - - - i F T,,= 1.52(5) ns
2 1200£= i Py
o 300|—
% 1000 é‘ -
: 2 ool +
- T
< - 2 | +
L O 100{—

B -+,
_,__«_fﬁ_ B +*-lr
S e e S
4000~ 6000 8000 10000 — e 0000 500020000

Plastic-LaBr, Time Difference [ps] Time difference [pS]



|RE 6] REF1E B 62 imbY W A

. L E WA ERUNYES %) Logft
Core-excitation | BM1) [ua] T:%%* [ns]| BMD)* [pa]1 T [ns] 29.7 7.057 ?f§+ * 165.9 1.50 NS
1/ 1/ 70.0 6.845 22+ 165.9___ 0.0 STABLE
None 22x107° 975 1.5x 1073 4.5 139
pl 69x 1074 95 | 35x 1073 1.9 57982
nl 2.8x 107 21.5 2.5% 1073 2.7 ———————————————————— 82
pinl 13x 1072 53 | 46x107° 1.5 ~0Oh11/2
No tensor part : " 7‘3]/7—
With =0.15 A=
in the g-factor Seff -1d3/2
Ild5/2 -
e M1 transition between g7/2 and d5/2 orbits are forbidden, . ()g7/2
e Both neutron and proton core-excitation can largely 5 O
reduced the predicted lifetime, but still different from _Og()/')
measured value (1.52+- 0.05ns), ' lp 1/2-
~0f5/2

o Inclusion of a small tensor part ge’ff[Yz, s] for effective g-

factor is necessary to perfectly reveal the lifetime.
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e 2/N2*3inch2 BLaBr3, BIN+PMT, XIAEFEMIREY, BL&MEET,

o 38BafllVEEINER FR L LIRIRIEN, AERITEEZNE,
= 13881 F{EIR[GT 4 139Ba, beta-RBLEF|130la, FEMB/BESHE AT,
=39y (n, 4n) RNEHs6Y, beta-RBIERsesr, BRMEZ NHASE®.
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o 138Baf{IsVEEER F ARG LIBRIEN, REHITEEINE,
= 138BaFl F{FIRfFE139Ba, beta-REE|130la, EEMB/ESHE MRS,
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 BRIEOEEZNZRNRIKERF a0
= 4(3) ps in 228Th (nature physics 16, 853—856 (2020)
= 3(2) ps 131Sb PRC 107, 014322 (2023)

The centroid or center of gravity is the N

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

f t D(t) dt
CD=c<ct> = 10

fD(t) dt

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

HOIRIE

0.1

Counts per channel
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nawure
phy SICS https://doi.org/10.1038/541567-020-0899-4

ARTICLES

Direct measurement of the intrinsic electric dipole
moment in pear-shaped thorium-228

M. M. R. Chishti®'3, D. O'Donnell ©®'=, G, Battaglia?, M. Bowry', D. A. Jaroszynski? B. S. Nara Singh’,
M. Scheck®", P. Spagnoletti®'and J. F. Smith’
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Level Scheme of °¢Co

FHRNI (5BNiF: [ 68%) e’ ¢ ¥ _—

00 4* 7723 d 26 ABCDEFGHIJK Ce+epgt =100
58 ( ) 56N pe 385 1 (2005524); Q=+0.25 9 (20055124)
N' n ’3n Nl J: J=4 from momic beam (1976Fu06) aad 7=+ from L=4 in ¥Feta ).

Ty 2: from evalmtion of Ty by 200dWoZZ, Octhers: 77.12d 7
CI978La21), 7712 d JO(1977Anl3), 784 d 5 (1974Cr05), 772 d
(1954BuSS), 77.30 d 9 (1989A124), 78.76 d /2 (1972EmDI ), 77.3
CI95TWAT), 77.08 d 8 (19890Lel1 7). 77.28 d 4 (1989S<c17), amd 77
F(1990A129), 77210 d 28 and 77.290 d 40 (1992Fu02).

5
di
29d

O ——— %0 00010 15838 7 3¢ «<01% s A CDEEGHIJK  XREF: F(167)l{166).
P F: J=3 from yy# in “Ni £ decay and 7=+ from Lia.d)=2.
Qgsl=213keviz 4 MW Logh 576507 5% 028 ps +7-5  BCDEEGHIIK  T),3: others: 033 ps +22-J0 (p.ny), 0.33 ps +22-11 (*He.py).
ColeeE " confl =((x If3 v2))5°. See also J=5 from yy(d)
100 aq At 1220.2 F*: configuration=((x 1f30 Ky Ipy2)) ca Yy
209.% | l"C.npr}'l and 7=+ from Lia.d)=4,
730 829615 4" >17ps C(DE GHIDK  XREF: K840).
1561.8 Ty 20 others: >0.76 ps (pny), > 1.4 ps (doy).
0.7 721 O  1450.7 1.58 NS J7: J=4 from () of 671y 10 3* 158 in SFe(a.npy) and ==+ from
ey l.lp.‘llcl:é.
YInxngs 2 012ps +/2-6 A (DE GHIDK  XREF: K961).
Ty ozt others: 0076 ps +21-14 (pay), <001 15 in “Ni & decay, and
0039 ps +371-24 (dary)
J': =2 from py(@ of 812y 10 3° 158 in “Fe(*He,py) and 7=+ from
2 ) L He pi=2,
0.4 >7.4 8119 970.2 <O0.1NS 1009037 §°* 038 ps +14-9 C(DE GHIDE  XREF: H1001).
Tyat others: 044 ps +25-12 in “Fe(pay), 027 ps 418~V in
SFe(*He,py).
7 from analyzisg power in “*Ni(pol da) and Lida)=4
n4s1s 3 019 ps 4+9-6 C E GHIJK XREF: H1106)
T2 others: 024 ps +4-2 (CHe,py), 0.139 ps +28-24 (d,ory),
F: 33 from Fe(po), (pny). MI4E2 y 10 4*
5068 00 158% s AC GHIJK  XREF: {1444).
Ellevel): anti-analog stae of 0% g5, in *Fe in “Fe(p.n), (pay)
Ty 2: others: »2.0 ps (*He,py), >0.4 ps (p.ay)
F7: 3el) from yu(#) in “ONi & decay, xe=+ from Lip,"He)p=0.
<5005 >11.4 2 — 150.4 < 0.1 NS 1488 10 c n P

«GES  »12.5 "—l— 0.0
#“n

PASFR R R IR AR T S, ARIGIRBERFAYONIT=Y), FEXNifE K 18days
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Decay Scheme
Intensities: I, ) per 100 parent decays

“Nb ¢ decay
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