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: SHN nuclear structure: beyond the mere discovery —
Decay modes, stability and quantum mechanics

synthesis
* new element/isotope
* Dbasic dec‘a:/‘/j rties
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SHN nuclear structure: beyond the mere discovery —
Decay modes, stability and quantum mechanics
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Three types of isomers

¢ shape isomers
® spin traps
e K-traps

Decay modes
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: Isomers in heavy nuclei
“ N\N o [ [ [ [
% first isomer - one of the heaviest nuclei known in 1936

1921 Otto Hahn observed

by B decay of ‘_
a substance called UX,

O. Hahn, Naturwissenschaften 9, 84 ‘1 921 :s.

In 1936 Carl Friedrich von Weizséicker coined the notion of isomers in nuclei:

”B-labile Kerne... in zwei “isomeren’ Sorten ... ”
— B-unstable nuclei... of two ‘isomeric’ kinds

“Der erste bekannte Fall ist die von Hahn sehr wahrscheinlich gemachte Isomerie von UX, und UZ.”
— “The first known case is the by Hahn most probably produced isomerism of UX, and UZ

C.F. Weizsédcker, Naturwissenschaften 24, 813 ‘1936:
n
GANIL
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Isomers in heavy nuclei
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247mMd and SF-a decay competition
- SF barrier dependence on level spin

SF branching: 0.20(2)

SF branching: 8.6Xx103(10)

— SF branching (strongly) depends on SPL structure
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definition of K

Nuclear deformation and metastability
- K-isomers in the region of SHN
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high J orbitals in the vicinity of Z= 100 and N = 152
— high values of K and

high AK between initial and availible final state
— decay hindrance
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255Rf structure from 2°°Sqg a-decay
- SF/SPL properties

Production: 2%Pb(>*Cr,1n)>>°Sg, 0 ~ 1 nb
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255Rf direct production
- ER-CE-(CE)-y-SF/a correlations

Production: 2°7Pb(°°Ti,2n)?>>Rf, 6 ~ 11 nb
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Nuclear deformation and metastability
- K-isomers in the region of SHN
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. K-Isomers
in odd Z - even N nuclei

b b e e

K-Isomers
in odd Z - odd N nuclei

n

* values for the lowest two of more isomers shown
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255No - revisited (ER-y-CE-a/SF correlations)

- CE correlations — observation of 3 new K-isomers

ER- y-CE coincidence sum energies
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o 255No - revisited (ER-y-CE-a/SF correlations)
T S ’ :
- CE correlations — observation of 3 new K-isomers

ER- y-CE coincidence sum energies
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255No - revisited (ER-y-CE-a/SF correlations)
- CE correlations ~ -%~~—~ L D W e s

Kieran Kessaci, Ph.D. thesis, Strasbourg University '
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N=151

SHN Nuclear structure
- isotonic trends close to N=152

Comparison experiment — theory
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‘ Nuclear deformation and metastability

‘M o L4 o
- K-isomers in the region of SHN
high J orbitals in the vicinity of Z= 100 and N = 152
w D — high values of K and
K=0,+Q, . high AK between initial and availible final state
definitionof K | ________ i | — decay hindrance
1 . -
. : 2570 1 [
1 .9 ms
i b @} )
I 2 3 N « .
' Mt : :
/ ....... e Nt e Bl AaliEiais
j ey IR el A = I S. Antalic
: Bh F.P. He3berger
: : Eur. Phys. S.T. 233 (2024)
9 1017-1036
Db
e T Bl
Rf [ 15Mev| 5us [ ‘ R = massnumber A
= I halﬂ:fet_n,z e
ms excitation energie
A, projection of the orbital angular Lr K spin and paritng
250 252 253 25 255 256
momentum ¥ of the nucleon No |#* Tosivow | 15ty [ Fpe | 70 " 14 KIISOBrS
on the symmetry axis z o = _ : in even Z - even N nuclei
Md igggkv iy 6 4
Zi projection of the spin S of 28 (250 K 5 K-Isomers .
the nucleon on z Fm |- [ fa=skey in even Z - odd N nuclei
o Es 3 . K-Isomers
Qi projection of the total angular - in odd Z - even N nuclei
momentum j on z: Ccf 950 kev
Q=N+3 = K-lsomers
Bk in odd Z - odd N nuclei
K sum of all projections Q;on z : ja2e * vélues for the lowest two of more isomers shown
K= Ql " Qz o Cm 178 v
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counts

10,952(28)

34 Faim) 270[)5 B

11,202(49)
%'l .
11,977(155)
10,751(44) 11,236(51) 12,323
14 ‘ = — . ‘ -
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4+ L 266 b
10,219(13)
10,177(9)_ H
24 4 -
|| 10433
0 T T T T T
95 10,0 10,5 11,0 1,5 12,0 12,5

E_[MeV]

K-isomer (1 event)
— E, =10.43 MeV -
—> T1/2 =74 ms

270ps;

clearly (at least) 2 activities
highly fragmented o spectrum

~ 200 keV higher than main activity
— =~ 56 times slower then main activity

Decay details
- time distributions

Maximum likelyhood investigation - Poisson statistics
(K.-H. Schmidf)

Decay chain 8 %.
10.968 Me "
LT 5.31ms *g
o
(] 2
10.440 MeV
104,66 ms 8
\ -
180 MeV + ?
6,239 ms

S‘I 270 g
T1,=0.18-0.04+0.07ms £ N\
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max. ikelyhood

N
\ analysis:
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——data

max. likelyhood
analysis:
—18ms

counts

max. likelihood

analysis
—1.7ms

T1/,=11.7-1.8+7.8 ms

counts

2I58Rf

data
max lkelyhood
analysis:

- = 12ms

T1,=1.2ms 11.2 ms

literature value:

12ms
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270Ds decay
- a decay and a-y coincidences

3] 10, 5:2‘&28) 270 ) A 10,952(28)
Ds 1 3 N 270 J
11,202(49) 1 Ds
24 —~~ "
‘ 11,977(155,
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m 1T 2 -~ .
| 2
g o ‘ :
g 10,204(24) 8
8 a4 -~ 266 - ;
worme || 10250 Hs § 10,75%(44) 11.238(51)  11.977(155) 12,323
© ] —~— . P
24 | L
| 10438
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two groups at 11 MeV and 12 MeV T ' ' ki
both fragmented ns . = om
— several transitions from isomer and g.s. 120+ - - .
E, vs decay time _ -
again two groups: g 1151 E, = 741 keV 1
1. 50 psto 0.6 ms uF o . - (o)
2. 1msto20ms 101 L., L— .
— different delay factors E, = 1094 ke¥ E, = 175 keV
— transition dependent hindrance o5 . | |
— V’s for low-E group only o1 decay1time e 10 100 ‘




Energy Density Functional Calculations

N
- Dario Vretenar, Vaia Prassa et al.
3 ——this work 270 7] >
2000 DS Q, = 11,13 MeV
2 EDF 0+ transitions - O = 11,37 Me¥
1 ] - . Q. = 12,29 MeV
N AL E =
- 266 4 e
'”g) 4 | Hs & » i Q= 11,25 Mev
8 L i
0 ] T T ii "‘i Il|l T T T 2“HS
262 Q. = 10,37 MeV
Sg
" i X6Hs w1/2*[631]®vI1/27[725] 0848 S, 0876 6, 1.020
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EO‘ [MeV] PES: F.R. Xu, et al. PRL 92, 252501 (2004) v3/21[622] @vI1/27(725] 1.282 4, L1997 1.396
e tm— ’ - vi1/27[725] ¢ \.'7‘_“}\1.‘\'; 1.231 2, 1.214 9, 1.376
EDF predictions (DD-PC1 interaction) v/ (631 @v/20613] 1255 3} S 45 1397
v3/2*[622] @ v7/2*[613 1.351 2} 1.368 5] 1.511
+ 2-quasi-particle states in 27°Ds and 2°®Hs up to K=9/10 MDs v/t eNjevi/2tiels] 0792 3F 0778 45 0934
— transitions into analog daughter states spanning E range of 900 keV vI/2- (125 @vI/2t(613] 1009 2; 0992 9; 1150
v fragmentation of e v3/2*[622]@v7/2*[613] 1293 2} 1306 5] 1.448
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* initial states with no matching final partner (e.g. 10")
— Retardation due to AK>0

* K-isomers decaying by o decay i
—> sensitive probe for detailed 2(4)-quasi-particle structure ( u '\N l I_
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‘ 275Ds decay @ FLNR/JINR SHE-factory

N~
- SF-a competition, isomers and courageous decay scheme construction
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High-K isomers in trans-actinide nuclei close to N=162
- Energy Density Functional Calculations, Vaia Prassa et al.
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Vaia Prassa et al.
PRC 91, 034324 (2015)

selfconsistent constraint triaxial HFB calculations based
on the DD-PC1 functional (PRC 88, 044324 (2013)
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High-K isomers in trans-actinide nuclei close to N=162
- Energy Density Functional Calculations, Vaia Prassa et al.
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selfconsistent constraint triaxial HFB calculations based
on the DD-PC1 functional (PRC 88, 044324 (2013)




& Perspectives: GANIL/SPIRAL2
% - LINAG+NEWGAIN and S3
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SPIRAL2 - NEWGAIN
- floorplan and design intensities s NEWGAIN

NEW GANIL INJECTOR
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SPIRAL2 - NEWGAIN
- floorplan and design intensities s NEWGAIN

NEW GANIL INJECTOR

[ et s Py ial irradiation” 1 ok e oy
= E_l INJECTOR Q/A=1/7 e "C’-':‘ 5 beam injectorl +NEWGAIN (injector2)
Lo | nezs { RFQ 3 intensities 2023 2028 = 2030
. < 20 keV/A Intensity (ppA) llntensity (ppA) | Intensity (ppA)
7 ] lons Phoenix V3 Phoenix V3 SC lon Source
" L Lo n. = ‘ RFQA/Q<3 RFQA/Q<7 RFQA/Q<7
_—— | o NSOl - 375
ey - . 19
= ¥ F >15 >40 >40
RFQ ) e
~ = A O 1 as
i N 40
i Ar 3.6
[ —— = 70 45
g 72— V7 . 36g 2.3 * *
, [P w .
o= 40
] IoN SouRce RS M o Ca _ 10 20
HOENIX V3 |p “Ca 1.2 10 20
S Wi 84
N | 152 Kr 0.1 10 20
139
Xe 0.001 7 >10
238
U <<0.001 0.1 6
¥ NEWGAIN  white Book “»NEWGAIN time line

https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/accelerators/newgain/ 2020 2021 2022 2023 2024 | 2025 | 2026 2027 | 2028

V=N ]N‘iu"‘ !,!: g_l ': ( |P|'|C G/@ENBG ‘U Construction Phase y ‘ers
CANL™

Dieter Ackersmamn - Bowmio, f M €% 2025



: Perspectives: GANIL/SPIRAL2

$3-SIRIUS

(Spectroscopy & Indentification
of Rare lons Using S3)

particle (S1) and photon (Ge)
detection array
DSAS and SHE synthesis

S3-LEB

gas-stoping/lasers/MRToF/ Si-
Ge installation

laser spec, mass measurement
and DSAS
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