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Région SHE-VHE vs îlot de stabilité
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VHE :Spectroscopy

Theory Z N

WS 114 184

HFB 126 184

RMF 120 172
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Quelles orbitales jouent un rôle ? Motivations 
scientifiques
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Comment définir un état isomérique ?

M →
I

K

Dans la littérature on distingue 3 types d'isomères :
a) de forme (i.e.de "fission" : barrière à franchir)

Walker and G. Dracoulis, Nature 399 (1999) 35.

C'est un état, autre que l'état fondamental, avec une durée de vie 
"longue" (suffisamment pour être observée)
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a) b) c)

b) de spin (faible probabilité de transition entre  
2 états de spin différents : Weisskopf)

c) cas particulier :les isomères-K (plus la 
différence ∆K entre deux états est importante, 
plus le temps de vie de l'isomère est grand) : 
domaine VHE

Motivations 
scientifiques
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Les états d'isomérisme-K : pourquoi les étudier ? Motivations 
scientifiques

Leurs caractéristiques (spin, parité, énergie d'excitation) sont en fait très contraignantes 
pour les modèles théoriques.

Pour les noyaux impair-impair : ils sont fréquents (proximité de niveaux avec K 
différent)
Pour les noyaux pair-pair : lié à des états 2 qp

696 R.-D. Herzberg, P.T. Greenlees / Progress in Particle and Nuclear Physics 61 (2008) 674–720

Table 1
Table of known K -isomers in even–even nuclei in the heavy and superheavy elements

Nucleus K⌅ T1/2 Ex Decay Mode Configuration Reference
244Cm 6+ 34 ms 1.040 MeV ⇥ 5/2+[622]⇤ ⇥ 7/2+[624]⇤ [135,171]
246Cm 8� – 1.179 MeV ⇥ 7/2+[624]⇤ ⇥ 9/2�[734]⇤ [138]
248Fm – ⇤8 ms – ⇥ - [148]
250Fm 8� 1.92 s 1.195 MeV ⇥ 7/2+[624]⇤ ⇥ 9/2�[734]⇤ [82]
256Fm 7� 70 ns 1.425 MeV ⇥ ,SF 7/2+[633]⌅ ⇥ 7/2�[514]⌅ [69]
250No (6+) 42 µs – SF,⇥ ? (5/2+[622]⇤ ⇥ 7/2+[624]⇤ ) [118]
252No 8� 110 ms 1.254 MeV ⇥ 7/2+[624]⇤ ⇥ 9/2�[734]⇤ [169]
254No 8� 266 ms 1.293 MeV ⇥ 7/2�[514]⌅ ⇥ 9/2+[624]⌅ [77,78]
254No – 184 µs ⇤2.5 MeV ⇥ – [77,78]
270Ds 9� ,10� 6 ms ⇤1.13 MeV � 11/2�[725]⇤ ⇥ 7/2+[613]⇤ [22]

11/2�[725]⇤ ⇥ 9/2+[615]⇤
In some cases the K⌅ or configuration assignments are tentative and have not been made on the basis of unambiguous experimental data. See relevant
references for details.

the structure of superheavy elements. The excitation energy of the K⌅ = 3+ state is also rather low for a two-quasiparticle
state, which indicates that the 1/2�[521]⌅ and 7/2�[514]⌅ levels must be close in energy.

Following these successful studies of 254No, a further experiment was carried out at jyfl in order to attempt confirmation
of the isomer in 250Fm [82]. The experiment again employed the ritu and great combination, but in this case the jurogam
array was also coupled to ritu. This allowed prompt radiation from transitions above the isomeric state(s) to be extracted,
using a variation on the same technique of Jones. The existence of the isomer in 250Fm was confirmed with a half-life of
1.92(5) seconds, again in excellent agreement with the original value of Ghiorso et al.. The focal plane data showed that
the K⌅ = 8� isomer decayed via an unobserved 23 keV M1 transition to the 7� member of a K⌅ = 2� band. In this case,
it was possible to measure M1/E2 ⇥ -ray intensity ratios in the strongly-coupled band based on the K⌅ = 8� state. The
intensity ratios indicated that the configuration of the isomermust be the two-quasineutron 8�[9/2�[734]⇤ ⇥7/2+[624]⇤]
configuration. At gsi and anl, the same techniquewas applied to a search forK -isomers in 252No [169,170]. Both experiments
were successful and discovered an isomer with a half-life of 110 (10)ms. The decay pattern of the isomer was very similar
to that of 250Fm and it was concluded that the configuration of the isomer must be the same as that of the isotone
(8�[9/2�[734]⇤ ⇥ 7/2+[624]⇤]). A study of the spontaneous fission activities produced in the reaction of 48Ca with an
enriched 204Pb target carried out at the fma in anl provided evidence for an isomer in 250No [118]. Twodifferent spontaneous
fission half-lives were observed, one of which was tentatively attributed to the decay of a K⌅ = 6+ isomer in analogy to
the isotone 244Cm. The configuration of the K⌅ = 6+ isomer in 244Cm is assigned as 6+[5/2+[622]⇤ ⇥ 7/2+[624]⇤]. The
recent study of 248Fm carried out at jyfl has also revealed evidence for an isomerwith a half life of approximately 8ms [148].
Possibly one of the most well-known K isomers is that of 270Ds, discovered at gsi [22]. The isomer decays by emission of
an � particle and is suggested to have a configuration of either 9�[11/2�[725]⇤ ⇥ 7/2+[613]⇤] or 10�[11/2�[725]⇤ ⇥
9/2+[615]⇤]. Details of known K -isomers in the region of Cm isotopes and above are presented in Table 1.

The existence of K isomers in these heavy nuclei raises an interesting question concerning the stability of the superheavy
elements. In some cases it may be possible that an inversion of stability occurs, meaning that the high-K isomer in a
particular nucleus has a lifetime longer than that of the ground state. This was investigated in the work of Xu et al.,
through configuration-constrained potential energy surface calculations [172]. It was found that the multi-quasiparticle
configurations increase the barrier to fission and reduce the probability of � decay, leading to enhanced stability. Indeed,
this is the situation found in 270Ds [22], where the isomeric state has a half-life of T1/2 = (6.0+8.2

�2.2) ms compared to the
ground-state half-life of T1/2 = (100+140

�40 ) µs [22,172].
The systematics of the known K isomers and lowest-lying non-yrast states in the N = 150 and N = 152 isotones is

shown in Fig. 23. The data for the N = 152 isotones is somewhat limited, the only known isomer being the proton two-
quasiparticle 8�[7/2�[514]⌅ ⇥9/2+[624]⌅ ] state in 254No. The lowest-lying non-yrast state is the proton two-quasiparticle
3+[1/2�[521]⌅ ⇥ 7/2�[514]⌅ ] state involving deformed configurations derived from spherical orbitals above and below
the predicted Z = 114 spherical shell gap. A low-lying 2� state is known in 250Cf and the lowest-lying non-yrast state in
248Cm is either a vibrational 2+ or octupole-vibrational K = 0 J⌅ = 1� state. More extensive systematics are available
for the N = 150 isotones, where the 8� states are known in all isotones. In 248Cf an assignment of the 8� energy has
been made from a re-analysis of the data from the 249Cf(d, t) reaction [170,68]. The lowest-lying non-yrast state in all the
N = 150 isotones is a 2� state. The systematic behaviour of the N = 150 isotones has been discussed in the work of
Robinson et al. [170], the salient points of which are repeated here. The energies of the 8� states are very similar with
neutron number, indicating that they all have the 8�[9/2�[734]⇤ ⇥ 7/2+[624]⇤] configuration, as assigned in 250Fm. The
energies of the 2� states are too low to be pure two-quasiparticle states, suggesting that additional octupole collectivity
brings them lower in energy. In 250Cf, the 2� band has been populated in the 249Cf(d, t) reaction showing that a major
component of the wave function is the 9/2�[734]⇤ ⇥ 5/2+[622]⇤ configuration [68]. The energy of the 2� state in 248Cf is
much lower than in the other N = 150 isotones, which is attributed to the fact that both proton and neutron configurations
can contribute to the 2� octupole collectivity at Z = 98. Detailed discussion of the systematics along with qrpa calculations
can be found in the work of Robinson et al. It is also of interest to question why in the Z = 102 isotopes 252,254No a neutron

251Fm 25 mus ?
253No 31 mus ?
255Lr 1,4 ms >720 keV
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La synthèse du résidu d'évaporation
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Les différents processus envisagés

Techniques 
expérimentales

Nécessité d'étude de dynamique 
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La détection
Techniques 

expérimentales

Détection prompte
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Les différents laboratoires
Techniques 

expérimentales

ANL, Argonne



Le site de Dubna : Vassilissa + Gabriela

U400

Improvements :
• γ detection : 

• modification of one Ge detector : 
crystal - front face cap shorter. The 
efficiency doubled (~18%) 

• β detection :
• Double Sided Silicon Strip Detector 
(100x100 mm2)
• Specific amplification for electrons
• Increased Pre-Amplifier sensitivity at 
low energy
• Thicker tunnel Si detectors, 32 strips
• Lower power consumption of PA

• Recoil detection :
• replacing the 37° magnet by 8° magnet
• thinner foils for ToF MCP detectors



Séparateur à vide 
VASSILISSA 

Le site de Dubna : Vassilissa + Gabriela

Upgrade of 
VASSILISSA

Upgrade of VASSILISSA

Reaction Target 
Thickness

(mg/cm2)

Transmissio
n 

(%)
48Ca(208Pb,2n)254No Met-0,4 25

22Ne(238U,5n)255No U3O8 - 0,2 1,5

48Ca(248Cm,
3n)293116 Cm02- 0,3 18

Expected

(%)

35

9

40
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Perspectives : quels noyaux ?

14

Perspectives et 
questions

Courtesy of A. Lopez-Martens

Intérêt du 50 Ti

Spectroscopie de noyaux VHE possible jamais encore étudiée
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Les questions ?
Perspectives et 
questions

Intérêt d'étudier les K-isomères si et seulement si on détermine de façon non ambigue 
(surpasser les faibles statistiques) :

-le spin
-la parité
-l'énergie d'excitation

Quelles contraintes réelles sur les modèles ?

Un des points clé pour la synthèse (ou l'estimation de section efficace de production) 
d'éléments superlourds est la hauteur de la barrière de fission. Peut-on l'estimer à partir 
d'un état isomérique mis en évidence?
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Le sujet de stage / thèse
Perspectives et 
questions

En stage :
travail bibliographique
participation au commissionning du nouveau séparateur (si calendrier compatible)
Analyse et interprétation de données expérimentales 

En thèse :
Participation au campagnes d'expériences
Analyse d'un ou deux noyaux d'intérêt VHE sur le site de Dubna
Participation active à des expériences sur d'autres sites : Jyväskylä et GANIL


