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We propose a generalized wave function based on the flexible original THSR (Tohsaki, Horiuchi, Schuck,
Ropke) wave function [A. Tohsaki ef al., Phys. Rev. Lett. 87, 192501 (2001)], which is applicable to studies of
general cluster structures in nuclei. The ground-state band in *°Ne is investigated by using this generalized wave
function and the energies obtained agree well with the experimental values. Moreover, it is found that the single
generalized THSR wave functions almost completely coincide with the exact solutions of the a+'°O resonating
group method for the ground-state band in *°Ne. For the ground state, for instance, the squared overlap between
them is 99.3%. This indicates that the THSR model can also be extended to study more compact cluster states in
nuclei such as, e.g., the ground-state band in *°Ne. 4
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5

We investigate the & + '°O cluster structure in the inversion-doublet band (K™ = 07 ) states of 2°Ne
with an angular-momentum-projected version of the Tohsaki-Horiuchi-Schuck-Ropke (THSR) wave
function, which was successful “‘in its original form™ for the description of, e.g.. the famous Hoyle
state. In contrast with the traditional view on clusters as localized objects, especially in inversion doublets,
we find that these single THSR wave functions, which are based on the concept of nonlocalized clustering,
can well describe the K™ = 0, band and the K™ = 0 band. For instance, they have 99.98% and 99.87%
squared overlaps for 17 and 37 states (99.29%, 98.79%, and 97.75% for 07, 27, and 47 states),
respectively. with the corresponding exact solution of the « + 'O resonating group method. These
astounding results shed a completely new light on the physics of low energy nuclear cluster states in
nuclei: The clusters are nonlocalized and move around in the whole nuclear volume, only avoiding mutual
overlap due to the Pauli blocking effect.
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Recently it has been recognized that, compared to usual
a-conjugate nucler [5], a much larger number of cluster
(molecular) configurations can be formed in an unstable
nucleus, owing to numerous combinations of valence
nucleons with the cluster cores [4]. Studies on such a
new aspect of nuclear clustering have acquired strong

interest in recent years [4,6]. However, although remark-
able progress has been made from the theoretical side
[4,6-8], only a few cluster states have been experimentally
justified, focusing mainly on the stable nuclei [9].

18] B. thu, Y. Funul&, H. Horiuchi, Z. Ren, G. Ropke, P.
Schuck, A. Tohsaki, C. Xu, and T. Yamada, Phys. Rev. Lett.
110, 262501 (2013).




YG Mans group: “Cals®ar c

week ending

PRL 113, 032506 (2014) PHYSICAL REVIEW LETTERS 18 JULY 2014
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ground state [36]. There are also many different configu- ]
rational descriptions implying the a cluster structure in Our 2ONe article
'Ne and **Mg, such as three-dimensional shuttle shape IS cited [39] _
[5,13] or chain states [37,38] as well as nonlocalized cluster
states [39]. Therefore, it is highly necessary and important
[40] to look for new probes to diagnose different configu-
rations for a-conjugate nuclei around the cluster decay

threshold.

[39] B. Zhou, Y. Funaki, H. Horiuchi, Z. Ren, G. Ropke, P.
Schuck, A. Tohsaki, C. Xu, and T. Yamada, Phys. Rev. Lett.
110, 262501 (2013).
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Unified studies of chemical bonding
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In a recent experiment [62], the IS monopole matrix
element for the 03 state, corresponding to the band head
of o + EHeg,g,. has been measured [62]. The observed
|M(1S)] strength 1s about 2.08, which is consistent with
the GTCM calculation, |M(IS)] = 3.53, shown in table 5.
The discrepancy between the experiment and the theory is
expected to be the decay effect of the 0F state. The observed
monopole strength contains the branching ratio of 2Be, which
finally decays into the o and *Heg 5. fragments, but theoretical

[62] Yang Z H et al 2014 Phys. Rev. Lett. 112 162501 glculation does not consider this decay effect. Therefore,

the theoretical monopole strength calculated here should be
reduced by the branching ratio, and the overestimation of the
theoretical calculation is considered to be reasonable. The
decay effect should be included in the GTCM calculation to
compare with the observed streneth directly.
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Recently, an exploratory calculation for “'“Po was pre- Extend THSRVVave
sented [31], indicating the existence of °®Pb + a configu- )
rations when four-particle correlations are added to the funCtl()n
shell-model calculations. This calculation provided a first
hint at how to extend the well-established Tohsaki- 31 ROe ké
Horiuchi-Schuck-Ropke wave function concept used for [ ] p

a-like condensates in light nuclei [21,32—-34] to heavier SChUClﬁ ,

nuclei. However, the general existence of a clustering in PRC90,03 430 4(2034

[31] G. Ropke, P. Schuck, Y. Funaki, H. Horiuchi, Z. Ren, A. "
Tohsaki, C. Xu, T. Yamada. and B. Zhou, Phys. Rev. C 90, [ 34]Zh0u Funakll

034304 (2014). . . o v
| o Horiuchi | Rem ,
[34] B. Zhou, Y. Funaki, H. Horiuchi, Z. Ren, G. Ropke, P.

Schuck, A. Tohsaki, C. Xu, and T. Yamada, Phys. Rev. Lett. PRL110,262501(2013)

110, 262501 (2013). 12




2016.3-4, KITPC, by Zhongzhou Ren é

KITPC. @

CNSP e R L p Y 1 e

“J\N

. o . Ag—
Kavli Institute for Theorétical Physics China at the Chinese Academy of Sdientes

HOME ACTIVITIES

OUTREACH TALKS

RELATED LINKS

Apply/Register
Introduction

Pictures
Schedule&Talks
Participants

Wiki-space

® Clustering effects of nucleons in nuclei and quarks in multi-

quark states

Date :

Advisory committee :

Local coordinators

International coordinators

From 2016-03-28 To 2016-04-22

: Qiang Zhao (Institute of High Energy Physics, CAS), Shan-Gui Zhou

(Institute of Theoretical Physics, CAS), Chang Xu (Nanjing University),Feng-
Kun Guo(Institute of Theoretical Physics, CAS)

: Zhongzhou Ren (Chair, Nanjing University), UIf-G. Meifner (University of

Bonn, Germany), Bing-Song Zou (Institute of Theoretical Physics, CAS),
Hisashi Horiuchi (Osaka Univeristy, Japan), Peter Schuck (IN2P3-CNRS,



We develop cluster model (THSR) from N=Z=Even
nuclei (previous researches) to N=Z+1 nuclei (°Beé |,
Lyu, Ren,..Horiuchi, é PR C P Gi&hematic Fig.:

Figure: Cluster structure of *Be.
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The effective nucleon-nucleon interaction of
‘Be : the Volkov potential + spin-orbit potential

@ The Hamiltonian of *Be

9
H= ZT Tcm+2 +Y Vi ZV“

1<j 1<j 1<j

@ Volkov No. 2 used as the central force of nucleon-nucleon potential.
ijv — {Vle_alr'fzj — Vze_QZ"%i}{W_MﬁgﬁT +Bﬁg _Hﬁf}
@ Two-body type G3RS term taken as the spin-orbit interaction.

S S N
VE = Ve — e %L SPy
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Low energy states of °Be in cluster model (THSR),
Ren,

PRC 2015
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Lyu, Ren, é BKRGHO)LS5 :
coupling of single-particle and cluster motions

PHYSICAL REVIEW C 91, 014313 (2015)

Investigation of “Be from a nonlocalized clustering concept

Mengjiao Lyu."?:* Zhongzhou Ren."*T Bo Zhou,"** Yasuro Funaki.” Hisashi Horiuchi.® Gerd Ripke.” Peter Schuck.®”
Akihiro Tohsaki,> Chang Xu.' and Taiichi Yamada'®
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The nonlocalized aspect of clustering, which is a new concept for self-conjugate nuclei, is extended for the
investigation of the N % Z nucleus "Be. A modified version of the Tohsaki-Horiuchi-Schuck-Ropke (THSR)
wave function is introduced with a new phase factor. It is found that the constructed negative-parity THSR wave
function is very suitable for describing the cluster states of “Be. Namely, the nonlocalized clustering is shown
to prevail in “Be. The calculated binding energy and radius of “Be are consistent with calculations in other
models and with experimental values. The squared overlaps between the single THSR wave function and the
Brink + generator coordinate method wave function for the 3/2~ rotational band of *Be are found to be near 96%.
Furthermore, by showing the density distribution of the ground state of “Be, the m-orbit structure is naturally
reproduced by using this THSR wave function.

17



We develop cluster model (THSR) from
N=Z=Even nuclel (previous researches) to
N=Z+2 or N=Z=odd nuclei (°Be, °Bé , Lyu,
Ren, Horiuchi, é Zhaoé, P RRZ20A3).6,

-
n

Schematic Fig.: Cluster structure of 1°Be
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We extend the concept of nonlocalized clustering to the nucleus '“Be with proton number Z = 4 and neutron
number N = 6 (N = Z + 2). The Tohsaki-Horiuchi-Schuck-Ropke (THSR) wave function is formulated for the
description of different structures of '’Be. Physical properties such as energy spectrum and root-mean-square

19



10Be: compare exp. data with cal. ones
14r
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FIG. 3. The 0% ground state of °Be and its rotational band.
“THSR” denotes calculated results with the THSR wave function.
“THSR (Bpair = 0)” denotes calculated results with the THSR wave
function and the By = 0 limit. “Ref. [21]” denotes the results of
the AMD method [21]. “Exp.” denotes the experimental result. The
dashed lines indicate the corresponding o + o + n + n threshold
—55.2 MeV.
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Microscopic clustering in light nuclei

Martin Freer

School of Physics and Astronomy, University of Birmingham,

Birmingham B15 2TT, United Kingdom

3. Neutron-rich Be isotopes

Extended THSR wave functions have also been applied to
neutron-rich nuclei. Since the container describing valence
neutrons will have size parameters different from the container
for the core part of the system, the use of the extended THSR
wave function for neutron-rich nuclei is quite natural. Here we
report the work of Lyu ef al. (2015, 2016) which treats *Be and
'%Be, respectively.

In the case of *Be, the valence-neutron wave function F(7)
in the extended THSR wave function should have negative
parity, and it is given by

2 2
k

F,(F) = / dR exp (— Zf;—%) exp(ig) exp {— (?2_;3}2]‘

k=x

(5.31)

The phase factor exp(ighz) makes the parity of F,(¥) negative.

Freer cited our work In
RMP 10Be article

parameter ﬁpm-r between the c.m. of the 2a system and the
c.m. of the 2n system. It was reported that both kinds of
extended THSR wave functions give very similar energy
spectra compared to that of the AMD calculation (Kobayashi
and Kanada-En’yo, 2012). For the excited band, the extended
THSR wave functions were constructed by accommodating
two valence neutrons into the o-orbit-type single-neutron
orbit. The obtained energy spectrum is very similar to but
a little higher than the AMD energy spectra (Suhara and
Kanada-En’yo, 2010; Kobayashi and Kanada-En'yo, 2012).
The extended THSR wave function of the 0] state is not
orthogonalized to that of the ground state, but the squared
overlap between them is as small as 1.4%. We see thus that
the wave functions as simple as the single extended THSR
wave functions give very good results quite similar to AMD
calculations.

Lyu, M., Z. Ren, B. Zhou, Y. Funaki, H. Horiuchi, G. Ropke, P.
3/2— 5/2— and 7/2— and found that the extended THSR Schuck, A. Tohsaki, C. Xu, and T. Yarnada, 2015, “Invesﬁgation of
wave functions of these levels have about 95% squared 9Be from a nonlocalized clustering concept,” Phys. Rev. C 91,
overlaps with the wave functions obtained by the GCM 014313.

calculation by using 2a + n three-body Brink wave functions. Lyu, M., Z. Ren, B. Zhou, Y. Funaki, H. Horiuchi, G. Ropke, P.
In the case of '°Be, the energy spectra of two rotational Schuck, A. Tohsaki, C. Xu, and T. Yamada, 2016, “Investigation of

bands upon the ground state and the 0] state were calculated 10Be and its cluster dynamics with the nonlocalized clustering
using single extended THSR wave functions and were approach,” Phys. Rev. C 93, 054308.

compared with those obtained by AMD calculations

(Suhara and Kanada-En’yo, 2010; Kobayashi and Kanada- 9] 10 .

En’yo, 2012). For the ground band, the extended THSR wave B O t h B e an d B e C I ted
functions where two valence neutrons occupy the orbit F,, (7) 21
were used. The modifications of these extended THSR wave

functions were also made by infroducing the distance

Lyu er al. (2015) treated the ground rotational-band levels
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coupling between proton and clusters

PHYSICAL REVIEW C 97, 054323 (2018)
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°B: comparison between calculated and

experimental levels
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FIG. 8. Theoretical and experimental energy spectra of °B. The
states with higher energy, which are found in experiment, are not
considered in our calculation because of the limitation of computation
pOWer.
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Extended cluster model to study A=10 nuclei
(PRC 100, 014306(2019))

PHYSICAL REVIEW C 100, 014306 (2019)

Investigation of isospin-triplet and isospin-singlet pairing in the A = 10 nuclei '’B, '’Be,
and '°C with an extension of the Tohsaki-Horiuchi-Schuck-Répke wave function
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M (Received 10 October 2018; revised manuscript received 25 February 2019; published 9 July 2019)

In order to study the nucleon-nucleon pairing effects in clustering nuclei, we formulate a superposed Tohsaki-
Horiuchi-Schuck-Répke (THSR) wave function, which includes both molecular-orbit and pairing configurations
explicitly. With this new wave function, we investigate the anomalous deuteronlike pn-pairing effect in '°B with
T =0and S = | (isoscalar) by comparing with isovector NN pairs (T = 1, S = 0) in '"Be and '°C. Energies are
calculated for the ground states of '’Be, "B and "’C nuclei, and the 1] 0 excited state of '’B. These energies are
essentially improved comparing with studies using a previous version of THSR wave function. Furthermore,
overlaps between the total wave function and the pairing component indicate that the NN pairing effect is
more visible in '’B than in '"Be and '’C. By analyzing the energies and the overlaps between wave function
components, we observe two different mechanisms enhancing the formation of deuteronlike pairs in "'B. We
also discuss the pairing effect by showing average distances between components in each nucleus and density
distributions of valence nucleons.
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Nonlocalized motion in a two-dimensional container of « particles in 3~ and 4™ states of '*C
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(®| (Received 16 April 2019; published 21 May 2019)

The first 3~ and 4~ states of '*C are studied in the present container model, in which the shift parameter is
introduced to break the parity symmetry for projecting out the negative-parity states. Taking the limit as the shift
parameter approaches zero and by variational calculations for one-deformed size parameter, the local energy
minima are obtained for the 3~ and 4~ states. It is found that the obtained single Tohsaki-Horiuchi-Schuck-
Ropke (THSR) wave functions for 37 and 4~ states are 96% and 92% equivalent to the corresponding generator
coordinate method (GCM) wave functions, respectively. The calculated intrinsic densities further show that these
negative-parity states of three clusters, different from the traditional understanding of a rigid triangle structure,
are found to have nonlocalized clustering structure in the two-dimensional container picture.
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A\RTICLE INFO ABSTRACT

Lrricle hisnory: We present the first experimental determination on the spectroscopic amplitudes [5Az) for the e-cluster
ieceived 30 November X018 in the 1B ground state via the 7Li{5Li, d)''B reaction using a high-precision magnetic spectrograph. This



Now move to alpha decay of nuclel:
iImportance of alpha decay

A Origin of nuclear physics 1896: Becquerel

A ldentify new elements (Po and Ra) by stronger
radioactivity: Curies. Z=105-1 1 8 e

A ldentify the core of atom (nucleus): Rutherford

A Validity of quantum mechanics for nuclear
Physics: Gamow in 1928
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There are more than 400 nuclel that exhibit the
alpha-decay phenomenon (yellow one).
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Synthesis of Z=112 SHE at SHIP

208 pp

70 Zn

11.45 MeV
273110 280 s

/

11.08 MeV

/ 9.23 MeV
26559 19.7 s

ya

’4

Beam 4.60|MeV (escape)
Wheel known 261Rf 745
kinematic separation % : e
in flight 8.52 MeV identification |
257No| 47S by a-a correlations
/ 2t e to known nuclides
Date: 09-Feb-1996 .
Time: 22:37 h 253Fm| 1508
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A Z=113: Nihonium, Nh. (produced in RIKEN).
A Z=115: Moscovium, Mc. (produced in Dubna).
A Z=117: Tennessine, Ts. (produced in Dubna).

A Z=118: Oganesson; Og. (produced in Dubna).
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Reduced alpha transfer rates in a schematic model

Ren Zhong-zhou and Xu Gong-ou
Department of Physics, Nanjing University, Nanjing, China
(Received 27 January 1987)

The reduced alpha transfer rates are studied microscopically with a schematic model. Results for
ground state to ground state alpha transfer reactions are given.

The model Hamiltonian is as follows:
H=Hy+)+Hy(—)+H(+,—), (1)
where
Ho(+)=ted(+)—2Ay | 3 Bl(0,+)B (0, %)

a

+ S BL(nt)B,(n) |, (a)
T
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é 8\ 22 \p\3o alpha

S transfer rates
T 4+ & 2 e

Nﬁ=22'Nx

FIG. 2. Reduced a-transfer rates B(Z,N -Z —2,N —2) be-
tween ground states of nuclei with same value of N, — N as in-
dicated in the figure, N, <4l(—)+2, N,>4l(—)42. €=3.5
MeV, Ap=1.0 MeV, A, =0.5 MeV, I{—)=5, [{+ )=6.
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Evidence of a correlation from binding energies in medium and heavy nuclei

Ren Zhong-zhou
Department of Physics, Nanjing University, Nanjing, China

Xu Gong-ou
Department of Physics, Nanjing University, Nanjing, China
and Department of Modern Physics, Lanzhou University, Lanzhou, China
(Received 23 March 1988)

If the effect of a clustering due to the interaction of the excited correlated proton pair with corre-
lated neutron pairs in medium and heavy nuclei were taken into consideration, quasiparticle ener-
gies would not be simply additive. The empirical values of the extra term §(«a) indicate that a corre-

lations exict tn a rertain avtant in thecs nurlai

A even-even nuclei
8B = 10 even-odd or odd-even nuclei (3)
— A odd-odd nuclei

A+ 6(a) even-even nuclei
0B = {10 even-odd or odd-even nuclei (4)
— A odd-odd nuclei




Our: alpha decay of ***Te ***Sn +é) ;: T

PHYSICAL REVIEW C 74, 037302 (2006)

Half lives of c-emitters approaching the N = Z line

Chang Xu! and Zhongzhou Ren!??
! Department of Physics, Nanjing University, Nanjing 210008, People’s Republic of China
2Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, People’s Republic of China
3CPNPC, Nanjing University, Nanjing 210008, People’s Republic of China
(Received 13 July 2006; published 21 September 2006)

PHYSICAL REVIEW LETTERS 121, 182501 (2018)

Superallowed @ Decay to Doubly Magic 1%Sn

K. Auranen,l’* D. Seweryniak,l M. Albf:rs,1 A.D. Ay:emgezrlkfcla,1’Jr S. Bottoni,l’;r M.P. C:arpf:ntf:r,1 C.J. Chiam,l’z’§ P. Copp,1’3
H. M. David,"! D. T. Doherty,*" J. Harker,"* C. R. Hoffman,' R. V. F. Janssens,”® T. L. Khoo,' S. A. Kuvin,"” T. Lauritsen,’

G. Lotay,” A. M. Rogers,”” J. Sethi,” C. Scholey,” R. Talwar," W. B. Walters,” P.J. Woods," and S. Zhu'
A 1Phys,:'cs Division, Argonne National Laboratory, 9700 South Cass Avenue, Lemont, Illinois 60439, USA

suddenly. The present data are in agreement with this [29] C. Xu and Z. Ren, Phys. Rev. C 74, 037302 (2006).
linear trend, and therefore with the extrapolated values

of 0,('%Te) = 5.053 MeV and Q,('%®Xe) = 4.440 MeV
[29]. Furthermore, the folding potential calculations



Nuclei around A=208: “**Po (*°°*Pb+*He)

RAPID COMMUNICATIONS

PHYSICAL REVIEW C 93, 011306(R) (2016)

«-decay width of 2'2Po from a quartetting wave function approach

Chang Xu,!* Zhongzhou Ren,">' G. Ropke,** P. Schuck,*>'? Y. Funaki,® H. Horiuchi,”® A. Tohsaki,’
T. Yamada,’ and Bo Zhou!?

! Department of Physics and Key Laboratory of Modern Acoustics, Nanjing University, Nanjing 210093, China
2Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator, Lanzhou 730000, China
3Institut fiir Physik, Universitiit Rostock, D-18051 Rostock, Germany
and National Research Nuclear University (MEPHI), 115409 Moscow, Russia
4Institut de Physique Nucléaire, Université Paris-Sud, IN2P3-CNRS, UMR 8608, F-91406 Orsay, France

present computer capabilities. The approach is inspired by
the THSR wave function concept that has been successfully
applied to light nuclei. Shell model calculations are improved
by including four-particle (@-like) correlations that are of rele-
vance when the matter density becomes low. A closer relation
of the calculation presented here to the THSR calculations is
of great interest; see the calculations for 20Ne [16,17]. Related
calculations are performed in Ref. [18]. A comparison with
THSR calculations would lead to a better understanding of the
microscopic calculations, in particular the c.m. potential, the
c.m. wave function, and the preformation factor.

[16] B. Zhou, Z. Ren, C. Xu, Y. Funaki, T. Yamada, A. Tohsaki, H.
Horiuchi, P. Schuck, and G. Ropke, Phys. Rev. C 86, 014301
(2012).

[17] B. Zhou, Y. Funaki, H. Horiuchi, Z. Ren, G. Ropke, P. Schuck,
A. Tohsaki, C. Xu, and T. Yamada, Phys. Rev. C 89, 034319
(2014).
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Microscopic description of superallowed «-decay transitions

Monika Patial,” R. J. Liotta, and R. Wyss
Royal Institute of Technology (KTH), Alba Nova University Center, SE-10691 Stockholm, Sweden
(Received 4 March 2016; published 26 May 2016)

larger than the corresponding experimental value. In effective [18] C. Xu, Z. Ren, G. Ropke, P. Schuck, Y. Funaki, H. Horiuchi,

theories, where the preformation probability is a parameter A. Tohsaki, T. Yamada, and B. Zhou, Phys. Rev. C 93, 011306
extracted from fittings to previous experimental values, theory (2016).

and experiment agree reasonably well, as seenin Refs. [18,19].  [19] Y. Ren and Z. Ren, Phys. Rev. C 85, 044608 (2012).
PHYSICAL REVIEW C 97,064616 (2018)

Systematic studies of @ and heavy-cluster emissions from superheavy nuclei

K. P. Santhosh™ and C. Nithya
School of Pure and Applied Physics, Kannur University, Swami Anandatheertha Campus, Payyanur 670327, Kerala, India

It should be noted that microscopic calculations [29,30] are
very important for the determination of the cluster preforma-
tion probabilities. Recently Deng et al. [29] calculated the o
preformation factors of medium-mass nuclei as well as their
behavior in the vicinity of Z = 82 shell closure by the cluster-
formation model (CFM). The CFM was found to be effective
in the evaluation of o preformation factors in the heavy-mass
region and the authors claimed that the CFM is also valid for
medium-mass nuclei because it reproduced reasonable features
of the variation of @ preformation probability, especially the
Z = 82 shell effects, which were made evident in a recent
experiment. Xu et al. [30] performed a microscopic calculation
of a-cluster preformation probability and «-decay width in the

212pg nucleus by improving a recent approach to describe «

preformation in 2'2Po [31] implementing four-nucleon correla-

tions (quartetting). It was seen that, using the actually measured
density distribution of the 2®®Pb core, the calculated «-decay
width of #'?Po agrees fairly well with the measured one.

[27] Z. Ren, C. Xu, and Z. Wang, Phys. Rev. C 70, 034304 (2004)

[28] Y. Qian and Z. Ren, J. Phys. G: Nucl. Part. Phys. 39, 015103
(2012).

[29] D. Deng and Z. Ren, Phys. Rev. C 93, 044326 (2016).

[30] C. Xu, Z. Ren, G. Ropke, P. Schuck, Y. Funaki, H. Horiuchi, A.
Tohsaki, T. Yamada, and B. Zhou, Phys. Rev. C 93, 011306(R)
(2016).

[31] G.Ropke, P. Schuck, Y. Funaki, H. Horiuchi, Z. Ren, A. Tohsaki,

C. Xu, T. Yamada, and B. Zhou, Phys. Rev. C 90, 034304 (2014).
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Relative stability and magic numbers of nuclei deduced from behavior of cluster emission half-lives

M. Ismail,! W. M. Seif,""* and A. Abdurrahman?
I Department of Physics, Faculty of Science, Cairo University, Giza 12613, Egypt

PHYSICAL REVIEW C 95, 044303 (2017)

Systematic study of « decay half-lives of doubly odd nuclei within the two-potential approach

Xiao-Dong Sun,' Jun-Gang Deng,” Dong Xiang,>" Ping Guo,’ and Xiao-Hua Li>**1
!School of Math and Physics, University of South China, 421001 Hengyang, People’s Republic of China

PHYSICAL REVIEW C 97, 044322 (2018)

Systematic study of a decay of nuclei around the Z = 82, N = 126 shell closures
within the cluster-formation model and proximity potential 1977 formalism

Jun-Gang Deng,! Jie-Cheng Zhao,! Peng-Cheng Chu,?" and Xiao-Hua Lil»>*1
1School of Nuclear Science and Technology, University of South China, 421001 Hengyang, People’s Republic of China

tailored wave function of the parent nucleus [24-28]. Ropke [29] G-Répke, P. Schuck, Y. Funaki, H. Horiuchi, Z. Ren, A. Tohsaki,
et al. [29] and Xu et al. [30] calculated « preformation factors C. Xu, T. Yamada, and B. Zhou, Phys. Rev. C 90, 034304
using an approach of the Tohsaki-Horiuchi-Schuck-Ropke 05 . _ A
wave function, which was also successfully used to describe BN e e

the cluster structure of light nuclei. In the cluster model, éo'fgl)lsah T. Yamads, and B. Zhou, Phys. Rev. C 93, 011306
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|PHYSIC'AL REVIEW C 72. 034611 (2005)
Synthesis of elements 115 and 113 in the reaction **Am + *Ca

Yu. Ts. Oganessian, V. K. Utyonkov, S. N. Dmitriev, Yu. V. Lobanov, M. G. Itkis, A. N. Polyakov, Yu. S. Tsyganov,
A.N. Mezentsev, A. V. Yeremin, A. A. Voinov, E. A. Sokol, G. G. Gulbekian, S. L. Bogomolov, S. Iliev, V. G. Subbotin,
A. M. Sukhov, G. V. Buklanov, S. V. Shishkin, V. I. Chepygin, G. K. Vostokin, N. V. Aksenov, M. Hussonnois, K. Subotic, and
V. 1. Zagrebaev
Joiat Institute for Nuclear Research, RU-141980 Dubna, Russian Federation

K.J. Moody, J. B. Patin, J. F. Wild, M. A. Stoyer, N. J. Stoyer, D. A. Shaughnessy. J. M. Kenneally, P. A. Wilk, and
R. W. Lougheed
University of California, Lawrence Livermore National Laboratory, Livermore, California 94551, USA

H. W, Giiggeler, D. Schumann, H. Bruchertseifer. and R. Eichler
Paul Scherrer Institute, Villigen CH-5232, Switzerland
(Received 21 March 2005; published 29 September 20015)

The results of two experiments designed to synthesize element 115 isotopes in the *** Am + **Ca reaction are
presented. Two new elements with atomic numbers 113 and 115 were observed for the first ime. With 248-MeV
'w'ca .‘l'OECHk’S. we Obsf‘l.ved [hl'ee hiln”ﬂl' deca\- shaime annoictina af Aua sancasitioa w dasave  all Aatanead

In our experiments, e-decay properties proposed by the
MM nuclear model [6,7] were used for setting the initial
experimental parameters. One should note that the predictions
of other models within the Skyrme-Hartree-Fock-Bogoliubov
(SHFB) and the relativistic mean-field (RMF) approaches

, " MY 4 f compare well with the MM results (see, e.g., [12,13]).
[Hl Zo Ren (’f (1/ " P h}'h. Re\’. ( 67. 064302 (20”3). Unfortunately, calculations of the probability gf spontaneous

A

fission and electron capture for odd nuclei are rather scarce.




Oganessian et al, PRC72

2 O O 5\’. DISCUSSION

The experimental ¢.-decay energies Qf,"p of the synthesized
isotopes and previously known odd-Z nuclei with Z 2 103 are
plotted in Fig. 9(a). The Qf,w of even-Z nuclel, including those
produced in our experiments [1.2,20], are plotted in Fig. 9(b)
for comparison. The «-decay energies attributed to the isotopes
of Mt and Bh coincide well with theoretical values |7, also
plotted in the figures. The same can be seen for the last nucler
in the decay chain ™*Hs — "' Sg — *"Rf.

The trend of the Q(N) systematics predicted by the MM
model [6,7] and confirmed by experimental data for odd-Z

constderable merease 1m £, 10r e new Neavier [Sotopes =

[54] Z. Ren, Phys. Rev. C 65, 051304(R) (2002).

l.

3] S. Das and G. Gangopadhyay, J. Phys. G 30, 957 (2004).
156] Z. Ren et al., Phys. Rev. C 67, 064302 (2003).

A2

For the isotopes *™#*'Rg and ****113 the difference
between theoretical and experimental Q, values is (.6-
0.9 MeV. Some part of this energy can be accounted for by
y-ray emission from excited levels populated during e decay.
For the even-Z nuclei as well, the agreement between theory
and experiment becomes somewhat worse as one moves from
the deformed nuclei in the vienity of neutron shells N = 152
and N = 162 to the more neutron-rich nuclides with N > 169,
In this region, experimentally measured values of 0, are less
than the values calculated from the model by <05 MeV,
Although the predicted O, values for the heaviest nuclei
observed in our experiments are systematically larger than
the experimental data as a whole, the trends of the predictions
are in good agreement for the 23 nuclides with Z = 106-118
and N = 165-177, especially considering that the theoretical
predictions of the MM model match the experimental data over
a broad previously unexplored region of nuclides,

One should note that the predictions of other models
for even-Z and odd-Z nuclei within the Skyrme-Hartree-
Fock-Bogoliubov [12.49-51] and the relativistic mean-field
[13,52-57] methods also compare well with the experimental
results. These models predict the same spherical neutron shell
at N = 184, but different proton shells, Z = [14 (MM) and
Z = 120, 124, or 126 (SHEB, RMF). vet all describe the
experimental data equally well. Such insensitivity with respect

034611-12




15. Ren, Z. Shape coexistence in even-even
superheavy nuclei. Phys. Rev. C65, 051304
(2002)

Cited: shape coexistence, Ref. [15]

Nature, 433 (2005) 705 review article

Shape coexistence and triaxiality in the
superheavy nuclei

S, Cwiok'*, P.-H. Heenen & W. Mazarewicz™ "

Unstitute of Physics, Warsaw University of Technology, wl. Koszykowa 75, PL-00662, Wirsaw, Poland
“Service de Physigue Nucléaire Théorigue, Université Libre de Bruxelles, CP 229, B-1050 Brussels, Belgium
“Department of Physics and Astronomy, The University of Tennessee, Knoxville, Tennessee 37996, USA
"Physics Division, Oak Ridge National Laboratory, PO Box 2008, Oak Ridge, Tennessee 37831, USA
“Institute of Theoretical Physics, Warsaw University, ul. Hoza 69, PL-00681, Warsaw, Poland

* Dheceased

Superheavy nuclei represent the limitof nuclear mass and charge; they inhabit the remote corner of the nuclear landscape, whose
extentis unknown. The discovery of new elements with atomic numbers Z = 110 has brought much excitement to the atomic and
nuclear physics communities. The existence of such heavy nuclei hangs on a subtie balance between the attractive nuclear force
and the disruptive Coulomb repulsion between protons that favours fission. Here we model the interplay between these forces
using self-consistent energy density functional theory; our approach accounts for spontaneous breaking of spherical symmetry
through the nuclear Jahn—Teller effect. We predict that the long-lived superheavy elements can exist in a variety of shapes,
including spherical, axial and triaxial configurations. In some cases, we anticipate the existence of metastable states and shape
isomers that can affect decay properties and hence nuclear half-lives.




New isotope in China: 2°°Bh (Z=107)
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Eur. Phys. J. A 20, 385-387 (2004)

Data of 26°Bh agree withRenet al [12,13]
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