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LETTER

How atomic nuclei cluster

J.-P. Ebran', E. Khan?, T. Niksi¢® & D. Vretenar®

Nucleonic matter displays a quantum-liquid structure, but in some
cases finite nuclei behave like molecules composed of clusters of
protons and neutrons. Clustering is a recurrent feature in light
nuclei, from beryllium to nickel'. Cluster structures are typically
observed as excited states close to the corresponding decay threshold;
the origin of this phenomenon lies in the effective nuclear interaction,
but the detailed mechanism of clustering in nuclei has not yet been
fully understood. Here we use the theoretical framework of energy-
density functionals™, encompassing both cluster and quantum
liquid-drop aspects of nuclei, to show that conditions for cluster
formation can in part be traced back to the depth of the confining
nuclear potential. For the illustrative example of neon-20, we show
that the depth of the potential determines the energy spacings
between single-nucleon orbitals in deformed nuclei, the localization
of the corresponding wavefunctions and, therefore, the degree of
nucleonic density clustering. Relativistic functionals, in particular,
are characterized by deep single-nucleon potentials. When com-
pared to non-relativistic functionals that yield similar ground-state
properties (binding energy, deformation, radii), they predict the
occurrence of much more pronounced cluster structures. More
generally, clustering is considered as a transitional phenomenon
between crystalline and quantum-liquid phases of fermionic
systems.
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Figure 4 | Schematic illustration of the transition from a crystalline to a
quantum liquid phase, including the cluster phase. The dimensionless
parameter o = b/r,, where b is the dispersion of the fermion wavefunction and r,
the typical inter-fermion distance, quantiﬁes nuclear clustering. For a harmonic
oscillator & = (AR)"* (2mVy) " 1,7 ", where Vj is the depth of the potential, R
the radius of the system, m the mass of the nucleon and # Planck’s constant/2 .
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PHYSICAL REVIEW C 86, 014301 (2012)

New concept for the ground-state band in *’Ne within a microscopic cluster model

Bo Zhou,'>" Zhongzhou Ren,'* Chang Xu," Y. Funaki,* T. Yamada,” A. Tohsaki,? H. Horiuchi,>
P. Schuck.” and G. Ropke’
| Department of Physics, Nanjing University, Nanjing 210093, China
2Research Center for Nuclear Physics, Osaka University, Osaka 567-0047, Japan
3Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator, Lanzhou 730000, China
*Nishina Center for Accelerator-Based Science, The Institute of Physical and Chemical Research (RIKEN), Wako 351-0198, Japan
SLaboratory of Physics, Kanto Gakuin University, Yokohama 236-8501, Japan
®International Institute for Advanced Studies, Kizugawa 619-0225, Japan
"Institut de Physique Nucléaire, CNRS, UMR 8608, F-91406 Orsay, France
SLPMMC, UMR 5493, F-38042 Grenoble 9, France
*Institut fiir Physik, Universitit Rostock, D-18051 Rostock, Germany
(Received 30 March 2012 revised manuscript received 24 May 2012; published 3 July 2012)

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.
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e International coordinators : Zhongzhou Ren
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PRL 113, 032

506 (2014)
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Nonlocalized Clustering: A New Concept in Nuclear Cluster Structure Physics
Bo Zhou.' 1.2.3.% y. rLllldl\] " H. Horiuchi,z‘4 Zhongzhou Ren," ™ G. Ropl\e P. Schuck.”® A. Tohsal\'i,2
Chang Xu.! and T. Yamada®
"Department of Physics, Nanjing University, Nanjing 210093, China
’Research Center for Nuclear Physics (RCNP), Osaka University, Osaka 567-0047, Japan
*Nishina Cemer.fhrA(.‘(.‘e!eramr Based Science, The Institute of Physical and Chemical Research (RIKEN), Wako 351-0198, Japan
*International Institute for Advanced Studies, Kizugawa 619-0225, Japan
>Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
®Institut fiir Physik, Universitit Rostock, D-18051 Rostock, Germany
"Institut de Physique Nucléaire, Université Paris-Sud, IN2P3-CNRS, UMR 8608, F-91406, Orsay, France
8Laboratoire de Physique et Modélisation des Milieux Condensés, CNRS-UMR 5493, F-38042 Grenoble Cedex 9, France
gL(rh()r(Jrr}fj}-‘ of Physics, Kanto Gakuin University, Yokohama 236-8501, Japan
(Received 5 April 2013; revised manuscript received 17 May 2013; published 24 June 2013)

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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PRL 112, 162501 (2014) PHYSICAL REVIEW LETTERS 25 APRIL 2014

Observation of Enhanced Monopole Strength and Clustering in *Be

7.H. Yang ’rﬁ;ﬂ%) Y.L Ye ("iE#6)," Z H. Li (2840)," 1. L. Lou (B2%4),' 1.S. Wang (F1E4),°
D. X. Jiang Mﬁ“’} Y.C. Ge armﬁlz), Q.T. Li (F44), H. Hua (FEF)," X. Q. Li (5K, ER. Xu (VFHT4),
J.C.P (%Efi}}r:), R. Qiao ('??:F%EE),I H. B. You (i?'ﬁ?%i:ﬁi),l H. Wang (Tﬁ?fﬁ},u Z. Y. Tian 'D]LE|§[|) K.A. Li (% fEiEIL[J),l
Y.L. Sun (H\M'{ﬁ),l H. N. Liu (iU?ﬂlﬁE),” J. Chen (\iﬂi?ﬁ),l J. Wu (Jﬁm) J. Li —T—HH) W. Jiang ‘»I%’L{Jﬁ)
C. Wen (3C##),"” B. Yang (¥1%),' Y. Y. Yang (W12 z2).” P. Ma (5),° 1. B. Ma (% 5%),* S. L. Jin (4 114).”
J.L. Han (58 %), and J. Lee (ZEMER Y
'State Key Lc.flmn:.ffjory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 100871, China
“Institute of Modern Physics, Chinese Academy of Science, Lanzhou 730000, China
*RIKEN Nishina Center, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
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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).
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PRL 113, 032506 (2014) PHYSICAL REVIEW LETTERS 18 JULY 2014

Giant Dipole Resonance as a Fingerprint of a Clustering Configurations in *C and '°0

W.B. He (17 ££)," Y.G. Ma (5NN, X.G. Cao (FE4)."" X. Z. Cai (Z2H15F).! and G. Q. Zhang (7 [E )"
IShzmghm' Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China
2Um’v€r.~:r'."3-= of the Chinese Academy of Sciences, Beijing 100080, China
'lf.?hfmghﬂ.-' Tech University, Shanghai 200031, China

ground state [36]. There are also many different configu-
rational descriptions implying the a cluster structure in EZONG{:"24Mg‘:P ’
'Ne and **Mg, such as three-dimensional shuttle shape %‘ jgg 2 Tal phai%
[5,13] or chain states [37,38] as well as nonlocalized cluster E] é*#]fl’]l'ﬁ? {5']
states [39]. Therefore, it is highly necessary and important = ’
[40] to look for new probes to diagnose different configu- '!tﬂ._:_?fiﬁ'/; «Hifﬁ*%]&ﬁ
rations for a-conjugate nuclei around the cluster decay [5, 13] 3(4‘135 i\“j\}

threshold.
[37,38], VAR 3E5
[39] B. Zhou, Y. Funaki, H. Horiuchi, Z. Ren, G. Ropke, P. y» 2+ A A
Schuck, A. Tohsaki, C. Xu, and T. Yamada, Phys. Rev. Lett. ESQ’VC - E] s [39] °
110, 262501 (2013).




10P Publishing Reports on Progress in Physics

Rep. Prog. Phys. 77 (2014) 096301 (46pp) doi:10.1088/0034-4885/77/9/096301

Review Article lked a%ﬁ‘]é%ﬁj(ﬁ%lﬁﬁ

Unified studies of chemical bonding
structures and resonant scattering in light
neutron-excess systems, '%1?Be

Makoto Ito' >3 and Kiyomi lkeda**

! Department of Pure and Applied Physics. Kansai University, Yamatecho, 3-3-35, Suita, Japan

? Research Center for Nuclear Physics (RCNP), Osaka University, Mihogaoka 10-1, Suita 567-0047,
Japan

3 RIKEN Nishina Center for Accelerator-based Science, RIKEN, Wako,351-0198, Saitama, Japan

[22] Bo Zhou. Funaki Y. Horiuchi H. Zhongzhou Ren. Ropke G.
Schuck P. Tohsaki A, Chang Xu and Yamada T 2013 Phys.
Rev. Lett. 110 262501
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PRL 114, 192504 (2015) PHYSICAL REVIEW LETTERS 15 MAY 2015

Origin of Low-Lying Enhanced E1 Strength in Rare-Earth Nuclei

M. Spieker.l'”( S. Pascu,"” A. Zilges,l and F. lachello®
Ynstitut fiir Kernphysik, Universitit zu Koln, Ziilpicher Strafie 77, D-50937 Koln, Germany
*National Institute for Physics and Nuclear Engineering, R-77125 Bucharest-Magurele, Romania
3Center for Theoretical Physics, Sloane Physics Laboratory, Yale University, New Haven, Connecticut 06520-8120, USA
(Received 16 October 2014; revised manuscript received 5 March 2015; published 12 May 2015)

Recently, an exploratory calculation for “'“Po was pre- ii/l\—i—l’ _ﬁ jﬁ%»ﬁf‘_ T ﬁg

sented [31], indicating the existence of °®Pb + a configu-

rz}iltiﬁns V:/ih;en 1;‘0ulr-particleT hc.orrellati(l)@ are adfidedd to f.the *‘/]\& '}}:: y 9‘(%‘&\3

shell-model calculations. This calculation provided a first - .

hint at how to extend the well-established Tohsaki- ’f‘—’f’}}’ &ﬁﬁ% m *ﬁ

Horiuchi-Schuck-Ropke wave function concept used for o B3

a-like condensates in light nuclei [21,32-34] to heavier ﬂ (THSR’K é’ﬁ)
nuclei. However, the general existence of a clustering in 1 R k R

[31] G. Ropke, P. Schuck, Y. Funaki, H. Horiuchi, Z. Ren, A. [3 ] Oep €eee en."’

Tohsaki, C. Xu, T. Yamada. and B. Zhou, Phys. Rev. C 90, PRC?O, 034304 (201 4)

034304 (2014).
[34] B. Zhou, Y. Funaki, H. Horiuchi, Z. Ren, G. Ropke, P. [34] ZhOU"'Ren"',

Schuck. A. Tohsaki, C. Xu, and T. Yamada, Phys. Rev. Lett.  PRL.11 0’ 262501 (201 3)

110, 262501 (2013). 17
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PHYSICAL REVIEW C 97, 054323 (2018)

A

Investigation of the °B nucleus and its cluster-nucleon correlations

Qing Zhao, " Zhongzhou Ren,> ' Mengjiao Lyu,3’j9 Hisashi Horiuchi,>* Yasuro Funaki,’ Gerd Rﬁpke,6 Peter Schuck,”®
Akihiro Tohsaki,> Chang Xu,! Taiichi Yamada,’ and Bo Zhou®1°
1School of Physics and Key Laboratory of Modern Acoustics, Institute of Acoustics, Nanjing University, Nanjing 210093, China

2School of Physics Science and Engineering, Tongji University, Shanghai 200092, China

3Research Center for Nuclear Physics (RCNP), Osaka University, Osaka 567-0047, Japan
*International Institute for Advanced Studies, Kizugawa 619-0225, Japan

3Laboratory of Physics, Kanto Gakuin University, Yokohama 236-8501, Japan
® Institut fiir Physik, Universitdt Rostock, D-18051 Rostock, Germany
" Institut de Physique Nucléaire, Université Paris-Sud, IN2P3-CNRS, UMR 8608, F-91406, Orsay, France
8 Laboratoire de Physique et Modélisation des Milieux Condensés, CNRS-UMR 5493, F-38042 Grenoble Cedex 9, France

% Institute for International Collaboration, Hokkaido University, Sapporo 060-0815, Japan

Department of Physics, Hokkaido University, 060-0810 Sapporo, Japan
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PHYSICAL REVIEW C VOLUME 36, NUMBER 1 JULY 1987

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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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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PHYSICAL REVIEW C VOLUME 38, NUMBER 2

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 exist to a certain extent in these nuclei.

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
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PHYSICAL REVIEW C 67, 064302 (2003)

Ground state properties of odd-Z superheavy nuclei

Zhongzhou Ren, l** Ding-Han Chen.! Fei Tai,! H. Y. Zhang._‘% and W. Q. Shen®
'Department of Physics, Nanjing University, Nanjing 210008, People’s Republic of China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator at Lanzhou, Lanzhou 730000,
People’s Republic of China
3Shanghai Institute of Nuclear Research, Shanghai 201800, People’s Republic of China
(Recetved 21 January 2003; published 5 June 2003)

The ground state properties of odd-Z superheavy nucler in the mass range of Z=97-115 and N
=140-190 are systematically investigated in deformed relativistic mean-field (RMF) theory. Special emphasis
1s placed on nuclear shell effect around N=184. Calculations clearly show that the RMF model can reliably
reproduce the data of binding energy and « decay energy of known nuclei and can also be used to predict the
binding energy of unknown nuclei. It is found that deformation plays an important role for many superheavy
nuclei. For N= 184 isotones, the lighter ones are approximately spherical but the heavier ones are deformed.
The a-decay energies of N =184 isotones are lower than those of neighboring nuclei in some cases and higher
m other cases. This demonstrates that there is a complicated structural behavior for N= 184 1sotones.



Oganessian et al,

P RC72 2005 IPHYSICAL 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.
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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).

5
5
5

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
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Shape coexistence and triaxiality in the
superheavy nuclei
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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.
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« decay of odd-4 nuclei with an extra nucleon outside a closed shell

Chang Xu' and Zhongzhou Ren'**
!Department of Physics, Nanjing University, Nanjing 210008, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator. Lanzhou 730000, China
(Received 19 May 2003: published 18 September 2003)

The newly discovered a decay of 2*Bi [Marcillac ef al., Nature (London) 422, 876 (2003)] is investigated
in the cluster model of « decay. It is found that the cluster model can reproduce the data of this longest-lived
a emitter i all known a-decay nuclet. This decay belongs to a special class of « decays occurring in odd-A
nucler with an extra nucleon outside a closed shell. By combining the cluster model of « decay with a
microscopic model of preformation « cluster, we can successfully describe the half-lives of odd-4 N=127

isotones. The cluster model of the favored a decays is interestingly generalized to the hindered « decays of
odd-4 nuclel.
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PHYSICAL REVIEW C 70. 034304 (2004)

New perspective on complex cluster radioactivity of heavy nuclei

Zhongzhou Ren,'” Chang Xu,' and Zaijun Wang'
lDe_pm'rmenr of Physics, Nanjing University, Nanjing 210008, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator, Lanzhou 730000, China
(Received 15 June 2004: published 14 September 2004)

Experimental data of complex cluster radioactivity (**C—>*Si) are systematically analyzed and investigated
with different models. The half-lives of cluster radioactivity are well reproduced by a new formula between
half-lives and decay energies and by a microscopic density-dependent cluster model with the renormalized
M3Y nucleon-nucleon interaction. The formula can be considered as a natural extension of both the Geiger-
Nuttall law and the Viola-Seaborg formula from simple a decay to complex cluster radioactivity where
different kinds of clusters are emitted. It is useful for experimentalists to analyze the data of cluster radioac-
tivity. A new linear relationship between the decay energy of cluster radioactivity and the number of « particles
in the cluster is found where the increase of decay energy for an extra « particle is between 15 and 17 MeV.
The possible physics behind this new linear relationship is discussed.
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«-decay width of *'?Po 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
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4Institut de Physique Nucléaire, Université Paris-Sud, IN2P3-CNRS, UMR 8608, F-91406 Orsay, France

present computer capabilities. The approach is inspired by [16] B. Zhou, Z. Ren, C. Xu, Y. Funaki, T. Yamada, A. Tohsaki, H.

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.

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 a-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
theories, where the preformation probability is a parameter
extracted from fittings to previous experimental values, theory
and experiment agree reasonably well, as seen in Refs. [18,19].

[18] C. Xu, Z. Ren, G. Ropke, P. Schuck, Y. Funaki, H. Horiuchi,

A. Tohsaki, T. Yamada, and B. Zhou, Phys. Rev. C 93, 011306

(2016).

[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 o 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

212po nucleus by improving a recent approach to describe o
preformation in >'?Po [31] implementing four-nucleon correla-
tions (quartetting). It was seen that, using the actually measured
density distribution of the 2®Pb core, the calculated a-decay
width of 2!2Po 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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Half lives of c-emitters approaching the N = Z line

Chang Xu! and Zhongzhou Ren!??
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PHYSICAL REVIEW LETTERS 121, 182501 (2018)

Superallowed @ Decay to Doubly Magic 1%Sn
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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
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o decay of the new neutron-deficient isotope ** Ac
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The new neutron-deficient isotope >°° Ac was synthesized in the complete-fusion reaction ' Tm(*°Ca, 4n)** Ac.
The evaporation residues were separated in-flight by the gas-filled recoil separator SHANS in Lanzhou and
subsequently identified by the a-a position and time correlation method. The w-decay energy and half-life of
205 Ac were determined to be 7.935(30) MeV and 20%;" ms, respectively. Previously reported decay properties of
the ground state in >* Ac were confirmed.



In Refs. [16,17], a new version of the Geiger-Nuttall law
including the quantum numbers of «-core relative motion was
proposed, which reproduces the «-decay half-lives of heavy
nucletwith N < 126 very well. In Fig. 3(b), acalculation using
this law 1s carried out for the favored w-decay transitions,
and the results are compared with experimental values. The
calculated 15-ms half-life of % Ac is in good agreement with
the value measured 1n the present experiment.

The calculated half-life (15 ms) with the new Geiger-
Nuttall law [16,17] agrees well with the measured data
(20 *97 yms).
[16] Yuejiao Ren and Zhongzhou Ren, Phys. Rev. C 85, 044608
2012).
[17] (Yuejia)o Ren and Zhongzhou Ren, Nucl. Sci. Tech. 24, 050518
(2013), http://www.j.sinap.ac.cn/nst/EN/Y2013/V24/15/50518.
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New a-Emitting Isotope 21U and Abnormal Enhancement of a-Particle Clustering in
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A new a-emitting isotope 2!*U, produced by the fusion-evaporation reaction '8?W (*Ar, 4n)?'%U, was
identified by employing the gas-filled recoil separator SHANS and the recoil-a correlation technique. More
precise a-decay properties of even-even nuclei 2!1%218U were also measured in the reactions of “’Ar, “’Ca
beams with 130-182.184W targets. By combining the experimental data, improved a-decay reduced widths &
for the even-even Po-Pu nuclei in the vicinity of the magic neutron number N = 126 are deduced. Their
systematic trends are discussed in terms of the N,N, scheme in order to study the influence of proton-

neutron interaction on « decay in this region of nuclei. [jiS|SHKiRgyoundaNheFcauccavidiisio]
SR Z00andNI=NI26NcVeiTeVeeIell The abnormal enhancement is interpreted by the strong

monopole interaction between the valence protons and neutrons occupying the zlf;,, and vifs),
spin-orbit partner orbits, which is supported by the large-scale shell model calculation.
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The density-dependent cluster model (DDCM) is one of the successful theoretical models for a-decay
studies. It gives a good description of the experimental «-decay half-lives for a wide range of « emitters.
Nuclear surface diffuseness, one important quantity in determining the nucleon density profiles, is extremely
sensitive to deformation, Bohr, Mottelson er al. proposed an anisotropic feature of the surface diffuseness for

the deformed nuclei. T this work, an improved version of the density-dependent cluster model, abbreviated

1thin a deformation-dependent

diffuseness correction, the response of a-decay dynamics to the diffuseness anisotropy is first investigated in
detail. It demonstrates that such an anisotropic deformation-dependent diffuseness would change the shape of
nucleon density profile and effective «-core interactions, yielding longer calculated a-decay half-lives, as well
as suggesting larger estimated «-preformation factors. The systematic calculations on «-decay half-lives are
subsequently performed for 157 even-even nuclei with 52 < Z < 118, which reproduce the experimental data
within an average factor of 1.88, and drastically reduce the root-mean-square deviations between theoretical
results and experimental data by about 41.4% in contrast to conventional DDCM. Noticeably, the theoretical
result of new isotope 24U [Zhang et al., Phys. Rev. Lett. 126, 152502 (2021)] given by DDCM+ also shows
good agreement with the latest reported experimental data, demonstrating the high reliability of the improved
model. Tt is expected that this improved model could be useful for future experimental and theoretical studies of
« decays.
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New version of density-dependent cluster model

(DDCM+)

® include the surface effect of nucleon density and deformation
for nuclel : Bohr,Mottelson, Nuclear Structure Yol. 2 (1998).

® Different density distributions of protons and neutrons

® to solve quasi-bound state Schroedinger-equations
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Numerical results (214U . 216U, 218y )

DDCM-+ isin better agreement with data for new isotopes 214U

: 216U and 218U

Y& ﬁépt (s) P/QCM (s) 01 BQCMJr (s) 0y
24y  520x10°* 587x1073 | 1.053 | 1.17x10"3 | 0.352

2  2.25x 1073  1.43x 1072 | 0.804 | 3.41x10"3 | 0.181

28  650x107% 2.55x 1073 | 0594 | 6.57x107* _|0.0045

Deviation between logrithms of calculated half-lives and data
45



Deviations between calculated half-lives and data
(157 even-even nuclei)

Blue region: less than 3 times

2.0 .
" (b) DDCM+

loglo(Tl(/:;lc/ TlE/;pt)

Neutron number (N) Neutron number ()

RMS is reduced by 41.3% | (datais from NUBASE2020)
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thl: Dong’s formula [T. Dong et al., Phys. Rev. C 82, 034320(2010)]
th2: FRDMZ2012 [P. Méller et al., Atom. Data Nucl. Data. Tabl. 125, 1 (2019)]
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TN, TIR2: DDCM+ [Z. Wang, Z. Ren et al., Phys. Rev. C 105, 024327(2022)]
Tgf: [A. V. Karpov ef al., Int. J. Mod. Phys. E 21, 1250013(2012)]

[Y. Qian, Z. Ren et al., Phys. Rev. C 90, 064308(2014)]
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th3

BE ey O ey O ey 0O sk (5)

203119  12.30 1.40x10~* 1292 7.31x107% 1253 7.44x107° 1.86 x 10°
289Ts  11.83 4.17 x10™* 1198 193 x10~* 1187 566 x10™* 1.21x10°
285Mc  11.47 7.20x10™* 10.30 6.42x 107! 1120 517 x1073  6.26 x 10>
28INh  11.16 6.69x 10™* 10.76 6.37x 1073 11.65 1.20x10™* 1.62 x 10*
204119 12.15 3.82x107* 1285 1.35x 1075 1240 225x10"* 4.38 x 10!
290Ts  11.62 1.63x 1073 11.85 4.97 x10™* 11.73 179 x 103  3.71 x 10°
286Mc  11.21 4.07 x10™3 1021 1.53x10° 11.06 1.72x1072 292 x 10*
262Nh  10.88 3.80x 1072 10.02 7.23x10° 10.39 2.08x10~'  1.03 x 10?

#3EP. Moller ¥ AFRDM20127 3 6945 %,

T5"(22119) = 1.01 x 10?% s,
Tg" (?°4119) = 1.10 X 10% s



#k2: 94120, PL20FHFa R THEZTTR . axXETFP. BA
2 o F 4312 47 = (by Z. Ren, Z. Wang and Y. Qian) #% % : #H L&

thi th2 th3

#‘2%“ (Mcgv) Téhl (S) (Maev) Tcghz (S) (Mtz.v) Tat:hB (S) T;};-l (S)

204120 1271 2.32x 1075 1349 7.15x10~7 1301 1.14x107° 7.62x10~*
200g  12.25 6.27 x 1075 12.67 847 x10™¢ 1234 7.58 x 10~5 6.33 X 102
286y 11.90 1.07 x 10~* 11.68 3.35x10™* 1167 6.01x10™* 5.55x 10°

282F] 1160 9.30x 10> 9.96 130x10° 1214 157x107° 1.72x10°

295120 1257 6.79x 10~° 13.46 1.22x107% 1287 290x 105 3.74x 1071

2910g 12.05 2.58x10~* 1255 221x107°5 1220 2.02x10"* 9.48 x 10!
287y 1164 581x107* 1120 6.22x107% 1153 1.66x1073 3.82x 10°

283F]  11.32 6.29x107* 983 481x10° 1086 1.68x107% 1.22x10°

H4ZP. Moller ¥ AFRDM2012# & 8945 %, T4"(2%4120) = 1.65 x 10! s,
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Favored «-decay half-lives of odd-A and odd-odd nuclei using an improved density-dependent
cluster model with anisotropic surface diffuseness

Zhen Wang ®'* and Zhongzhou Ren!->-

1School of Physics Science and Engineering, Tongji University, Shanghai 200092, China
2Key Laboratory of Advanced Micro-Structure Materials, Ministry of Education, Shanghai 200092, China

M (Received 17 June 2022; revised 15 July 2022; accepted 26 July 2022; published 8 August 2022)

We extend the improved density-dependent cluster model (DDCM+) of our recent work [Wang et al., Phys.
Rev. C 105, 024327 (2022)] to study the favored « decays of odd-A and odd-odd nuclei with Z = 82. In this
work, the effective «-core interactions are determined using the double-folding potential with a realistic M3Y-
Reid nucleon-nucleon interaction plus proton-proton Coulomb interaction, in which a deformation-dependent
diffuseness correction is validated to address the surface anisotropy and polarization effects in nucleon density
distribution. It is found that calculations within the anisotropic diffuseness would yield longer calculated « decay
half-lives and suggest larger estimated «-preformation factors, which is quite consistent with the conclusions
obtained for the even-even « emitters. Meanwhile, the theoretical half-lives agree very well with the experimental
data for the favored « decays of the odd-A and odd-odd nuclei with a mean factor of 1.94 and 1.61, respectively.
Remarkably, the experimental a-decay half-life of the new thorium isotope 2’ Th [Yang et al., Phys. Rev. C 105,
L051302 (2022)] is also well reproduced with a factor of about 2.50. Furthermore, we present the quantitative
predictions on the favored a-decay half-lives of **?**119 and *****°120 «-decay chains in this work, which are
expected to serve as useful references for the synthesis of new isotopes in the future.

DOI: 10.1103/PhysRevC.106.024311



Summary

Develop the cluster model of light nuclei
Density-Dependent Cluster Model (DDCM)

New version of Density-Dependent Cluster Model
(DDCM+) for calculations of alpha-decay half-lives :

S-eq. for quasi-bound states.

By including nuclear deformation and surface effect
we reach good agreement with experimental half-lives.

New predictions on Z=119, Z=120
FE: FEHITE Chinium (&) (FE) : Ci
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Variation of reduced alpha transfer rates
with valence protons and neutrons

By(Z,N—Z —2,N —2)=By(Z —2,N —2—2Z,N)

N N,—2
C2[20(—) 1] C2[20(4)+1]

2 I 2

N,,Ii

l

| |
P+ | T AN, 2N, | T a4

1.,
><3?»1

AE,(N;,N,)

where
840 124, 2AoN -
A +1 T2 +1 T A+
4h 240N,
21(—)+1 +2:'{+)+1 ‘

AE (N_,N,)=4(€—Ay)—

AE(N-,N,)=4(e— o)+




Ren and Xu, PRC 1988: alpha correlation
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PHYSICAL REVIEW C VOLUME 38, NUMBER 2 AUGUST 1988

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 6(a) indicate that a corre-
lations exist to a certain extent in these nuclei.
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PHYSICAL REVIEW C 67, 064302 (2003)

Ground state properties of odd-Z superheavy nuclei

Zhongzhou Ren, l** Ding-Han Chen.! Fei Tai,! H. Y. Zhang._‘% and W. Q. Shen®
'Department of Physics, Nanjing University, Nanjing 210008, People’s Republic of China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator at Lanzhou, Lanzhou 730000,
People’s Republic of China
3Shanghai Institute of Nuclear Research, Shanghai 201800, People’s Republic of China
(Recetved 21 January 2003; published 5 June 2003)

The ground state properties of odd-Z superheavy nucler in the mass range of Z=97-115 and N
=140-190 are systematically investigated in deformed relativistic mean-field (RMF) theory. Special emphasis
1s placed on nuclear shell effect around N=184. Calculations clearly show that the RMF model can reliably
reproduce the data of binding energy and « decay energy of known nuclei and can also be used to predict the
binding energy of unknown nuclei. It is found that deformation plays an important role for many superheavy
nuclei. For N= 184 isotones, the lighter ones are approximately spherical but the heavier ones are deformed.
The a-decay energies of N =184 isotones are lower than those of neighboring nuclei in some cases and higher
m other cases. This demonstrates that there is a complicated structural behavior for N= 184 1sotones.
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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 'aI, PRC72

2 QQ@('USSI()N

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).

5
5
5

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
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a-decay scheme of ?%9Bi

b 9/2"

209 Bi

Exceptionally long half-life: Qu=3.137 MeV
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PHYSICAL REVIEW C 68, 034319 (2003)

« decay of odd-4 nuclei with an extra nucleon outside a closed shell

Chang Xu' and Zhongzhou Ren'**
!Department of Physics, Nanjing University, Nanjing 210008, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator. Lanzhou 730000, China
(Received 19 May 2003: published 18 September 2003)

The newly discovered a decay of 2*Bi [Marcillac ef al., Nature (London) 422, 876 (2003)] is investigated
in the cluster model of « decay. It is found that the cluster model can reproduce the data of this longest-lived
a emitter i all known a-decay nuclet. This decay belongs to a special class of « decays occurring in odd-A
nucler with an extra nucleon outside a closed shell. By combining the cluster model of « decay with a
microscopic model of preformation « cluster, we can successfully describe the half-lives of odd-4 N=127

isotones. The cluster model of the favored a decays is interestingly generalized to the hindered « decays of
odd-4 nuclel.




Preformation factor P,=0.004 (Z-82): PRC1987

10° 3
10"t
? 1
£ 10}
S’
3
= A
10°F
107k
84 86 88 90 92
Proton Number (Z)

FIG. 2. The vanation of theoretical half-life of a decay with
proton number where the nuclear structure effect of the preforma-
tion « cluster 1s included. G=23 1s chosen for N=127 isotones.
The black circles are experimental half-lives. The hollow circles are
theoretical half-lives.
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New deformed model of x-decay half-lives with a microscopic potential

PHYSICAL REVIEW C 73, 041301(R) (20006)

Chang Xu' and Zhongzhou Ren!>3*
'Department of Physics, Nanjing University, Nanjing 210008, China
2Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
3CPNPC, Nanjing University, Nanjing 210008, China
(Received 19 January 2006; published 6 April 2006)

The «-decay half-lives of deformed nuclei are investigated in a new version of the density-dependent cluster
model. By the multipole expansion method, the deformation- and orientation-dependent double-folding potential
is derived to calculate the o-decay width through a deformed Coulomb barrier. We perform systematic calculations
for the ground-state « transitions of even-even nuclei with Z = 52—104. The theoretical results are in good
agreement with the experimental data. This is, to our knowledge, the first deformed calculation of a-decay
half-lives within the framework of microscopic double-folding potentials. A unified description of «-decay
half-lives of both spherical and deformed nuclei is obtained by the microscopic potentials.
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J#A. Multi-channel cluster model (MCCM)

PHYSICAL REVIEW C 81, 064318 (2010)

New approach for a-decay calculations of deformed nuclei

Dongdong Ni'*>" and Zhongzhou Ren!->31
' Department of Physics, Nanjing University, Nanjing 210093, China
2Kavli Institute for Theoretical Physics China, Beijing 100190, China
3 Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator, Lanzhou 730000, China
(Received 31 March 2010; published 22 June 2010)

We present a new theoretical approach to evaluate a-decay properties of deformed nuclei, namely the
multichannel cluster model (MCCM). The deformed «-nucleus potential is taken into full account, and the
coupled-channel Schridinger equation with outgoing wave boundary conditions is employed for quasibound
states. Systematic calculations are carried out for well-deformed even-even nuclei with Z = 98 and isospin
dependence of nuclear potentials is included in the calculations. Fine structure observed in « decay is well
described by the four-channel microscopic calculation, which is performed for the first time in ¢-decay studies.
The good agreement between experiment and theory is achieved for both total @-decay half-lives and branching
ratios to the ground-state rotational band of daughter nuclei. Predictions on the branching ratios to high-spin

daughter states are presented for superheavy nuclei, which may be important to interpret future observations.
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Coupled-channels study of fine structure in the o decay of well deformed nuclei

Dongdong Ni!" and Zhongzhou Ren'->1
'Department of Physics, Nanjing University, Nanjing 210093, China
2Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
(Received 14 March 2011; revised manuscript received 8 June 2011; published 21 June 2011)

We formulate a theoretical model for the o decay of well-deformed even-even nuclei based on the coupled-
channel Schrodinger equation. The «-decay half-lives and fine structures observed in « decay are well described
by the five-channel microscopic calculations. Since the branching ratios to high-spin states are hard to understand
in the traditional «-decay theories, this success could be important to interpret future observations of heavier

nuclei. It is also found that the « transition to high-spin states is a powerful tool to probe the energy spectrum
and deformation of daughter nuclei.
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PHYSICAL REVIEW C 86, 054608 (2012)

Systematic calculation of fine structure in the o decay of heavy odd-mass nuclei

Dongdong Ni'" and Zhongzhou Ren!->3f
' Department of Physics, Nanjing University, Nanjing 210093, China
2Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
(Received 28 October 2012 published 28 November 2012)
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Theoretical description of fine structure in the o decay of heavy odd-odd nuclei

Dongdong Ni'*" and Zhongzhou Ren!>1
' Department of Physics, Nanjing University, Nanjing 210093, China
e Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
(Received 1 February 2013; published 28 February 2013)
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. . 205
o decay of the new neutron-deficient isotope ** Ac

Z.Y. Zhang (5k&iE).! Z. G. Gan (HFE)."" L. Ma (Z).%2° L. Yu (BF#£)."2 H. B. Yang (1% 1E4H2). 123
T. H. Huang (B XA7).! G. S. Li (Z=7 7). Y. L. Tian (HEHK),' Y. S. Wang (F744F)." X, X. Xu ((FH ).
X. L. Wu (28%75)." M. H. Huang (BEPI#%5).' C. Luo (B %).! Z. Z. Ren AEHH).57 S. G. Zhou (JiE #)."
X. H. Zhou (F/N41). H. S. Xu (£:3H1)." and G. Q. Xiao (H EH#)!
!Key Laboratory of High Precision Nuclear Spectroscopy and Center for Nuclear Matter Science, Institute of Modern Physics,
Chinese Academy of Sciences, Lanzhou 730000, China
2University of Chinese Academy of Sciences, Beijing 100049, China
*School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
*China Institute of Atomic Energy, Beijing 102413, China
SNishina Center for Accelerator-Based Science, RIKEN, Wako, Saitama 351-0198, Japan
®Department of Physics, Nanjing University, Nanjing 210093, China
"Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator, Lanzhou 730000, China
8State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China
(Received 1 December 2013; published 13 January 2014)

The new neutron-deficient isotope >°° Ac was synthesized in the complete-fusion reaction ' Tm(*°Ca, 4n)** Ac.
The evaporation residues were separated in-flight by the gas-filled recoil separator SHANS in Lanzhou and
subsequently identified by the a-a position and time correlation method. The w-decay energy and half-life of
205 Ac were determined to be 7.935(30) MeV and 20%;" ms, respectively. Previously reported decay properties of
the ground state in >* Ac were confirmed.



In Refs. [16,17], a new version of the Geiger-Nuttall law
including the quantum numbers of «-core relative motion was
proposed, which reproduces the «-decay half-lives of heavy
nucletwith N < 126 very well. In Fig. 3(b), acalculation using
this law 1s carried out for the favored w-decay transitions,
and the results are compared with experimental values. The
calculated 15-ms half-life of % Ac is in good agreement with
the value measured 1n the present experiment.

The calculated half-life (15 ms) with the new Geiger-
Nuttall law [16,17] agrees well with the measured data
(20 *97 yms).
[16] Yuejiao Ren and Zhongzhou Ren, Phys. Rev. C 85, 044608
2012).
[17] (Yuejia)o Ren and Zhongzhou Ren, Nucl. Sci. Tech. 24, 050518
(2013), http://www.j.sinap.ac.cn/nst/EN/Y2013/V24/15/50518.
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Microscopic calculation of preformation
factor in a two level model

Ren and Xu, PRC 36, 456,198 ...

PHYSICAL REVIEW C VOLUME 36, NUMBER 1 JULY 1987

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.



Outline

(1) A brief review of researches on alpha cluster ...
(2) Alpha decay emitters with proton numbers 52<=7<=118

Three typical regions of alpha emitters

“Light island” : near doubly magic nucleus 1°°Sn
Alpha emitters: near doubly magic nuclei 2%3Pb
“Superheavy island”: next doubly magic nucleus 2%3114?

(3) Microscopic calculations with a quartetting wave
function approach

(4) Summary
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PHYSICAL REVIEW C VOLUME 36, NUMBER 1 JULY 1987

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:

where
Ho(+)=ted(+)—2Ay | 3 Bl(0,+)B (0, %)

+ 3 Bl(r,2)B,(r,+) |, (2a)
T
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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 exist to a certain extent in these nuclei.

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




£, 455588, PRC 38 (1988) 1078

10 9
(a) (b)
?F Bt
N=8é I=66
8 7t
7 Fas
N=85 >
6t "’5r
x I=65

5r lﬂ“"h
4|

3t
3

2L
2

1k
1+

,o i 1 i I i i L
0 R . \ . . . . 82 84 86 88 Q0 2 94 96 9B
54 56 58 60 62 64 66 68 70 N

FIG. 1. (a) Neutron separation energies for nuclei with fixed
N; (b) proton separation energies for nuclei with fixed Z.
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Shell and blocking effects in a-transfer reactionst

Ren Zhong-zhout and Xu Gong-ou§

t Department of Physics, Nanjing University, Nanjing, China
§ Department of Physics, Nanjing University, Nanjing, China and Department of Modern
Physics, Lanzhou University, Lanzhou, China

Recgived 18 July 1988

Abstract. Using a two-level pairing force model and assuming that a-clustering in ground
states of medium and heavy nuclei is mainly the result of configuration mixing of cross-
shell excitation of correlated pairs, shell and blocking effects in a-transfer reactions can be
reasonably explained.
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2. The two-level pairing force model and the reduced pair transfer rates

The two levels of the model are introduced for representing the energy levels around
proton and neutron Fermi energies in neighbouring shells. Nucleons in these two
levels are interacting with each other with pairing forces. The model Hamiltonian is

H=H(+)+Hy(—)+H(+, —) (1)
where
Hy£)=%eNe(£)~A D, Bi£)BJ%) (2)
H(+, —)== S BY(+)B=)+uc 3)
v=0, £l

* ¢ represent the single-particle energies of upper and lower levels; 4, A4, represent
the intensities of pairing forces related to the same level and to different levels; and

Ne(£)= D o £ )t m( %) 4)

m, i

1
By(£) =75 [a"(F)a'(£) im0 hur=s B £)=(By(%)) (5)
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Figure 1. Alpha-particle spectroscopic factor §, obtained from analysis of (d, Li) reac-
tions normalised to unity at '*O and plotted as a function of target mass (Becchetti et af
1975 Phys. Rev. Lett. 34 225).

Figure 2. Comparison between the relative cross section of (p, t) and (d, Li} reactions as a
function of A for some tin isotopes {Becchetti et al 1975 Phys. Rev. Lett. 35 268},
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Figure 4. Reduced proton-pair transfer rates B(Z, N— Z, N—2, N) as a function of Z,
for N>Q: O,0dd Z; @, even Z.
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(1) A brief review of alpha cluster decay
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Alpha decay : theoretical calculations

1. Phenomenological Formulas:
(1) The Geiger-Nuttall law

(2) The Viola-Seaborg formula
(3) Other alpha-decay formulas

2. Theoretical Approaches:

(1) Shell model

(2) Cluster model

(3) Fission-like model

(4) A mixture of shell and cluster model

5) A densitvy-dependent cluster model
6) A quartetting wave function approach

@) ...




Alpha-decay theory in nuclear textbooks

(1) Preformation probability

(2) Frequency Pa, V, and T
(3) Penetration probability W,

Energy and mass dependence. Using p,., v, and 7 obtained above, we can write
the transition probability as
W = pav/T

To put this expression into a form so that it can be compared with the Geiger-Nuttall
law of Eq. (4-61), we take the logarithm in the base 10 for both sides and obtain the
result

logi oW = loggpa +logv+log,, T

VE, Z
= 20.46 + logy, Tt 1.42VZ A3 ~ LTZJET, (4-65)

The dominant energy dependence comes from the last term, in agreement with the
empirical result of the Geiger-Nuttall law.



Alpha-decay theory In textbooks

(1)Preformation probability (open problem)

The probability W for a-particle emission from a heavy nucleus by tunneling may
be separated into a product of three factors. The first is the probability p, to find an
a-particle inside the nucleus, In a heavy nucleus, there is a good chance for two protons
and two neutrons to form an a-like entity. We shall call such an object an a-cluster.
However, this is only one of the many possible components of the wave function for
such a nucleus. As a result, it is not easy to make an estimate for the value of p,. A
crude way is to say that it must be essentially of the same order of magnitude for all
heavy nuclei, as there are only small fractional differences in their masses and we shall
take p, ~ 0.1 as a rough guide.

This is only arough guide!!! Phenomenological



Alpha-decay theory in textbooks

(2) Frequency (Pre-exponential factor)

Once an g-cluster is formed inside the nucleus, it must come to the surface before
it can tunnel through the barrier. The frequency v with which it appears at the edge
of the potential well depends on the velocity v it travels and the size of the potential
well. A reasonable way to estimate v is to take the well size as twice the nuclear radius
R. With this assumption we obtain the result,

v f2K/M, Phenomenological
" 2R 2R
where K is the kinetic energy of the a-cluster inside the well and M, its mass. The
precise value of K depends on the depth of the potential well and is not well known.

v

E, = 5.6 MeV. It is about an order of magnitude larger than the best values deduced
from measurements. Part of the reason for the poor agreement comes from the fact
that heavy nuclei do not have the simple spherical shape assumed here. Furthermore,
the replacement of K by E, may also have cost some loss of accuracy.



Microscopic calculation of “frequency”

VOLUME 59, NUMBER 3 PHYSICAL REVIEW LETTERS 20 Jury 1987

Decay Width and Shift of a Quasistationary State

S. A. Gurvitz

Weizmann Institute of Science, 76 100 Rehovaot, Israel

and

(. Kalbermann

The Hebrew University of Jerusalem, 91 904 Jerusalem, Israel

The decay width of a metastable state in the quasiclas-
sical limit was found long ago by Gamow.? Even in this
treatment the preexponential factor appearing in the
width formula was hard to estimate except for the case
of high-lying states. Since then, little progress has been
made towards finding a general formula that embodies
the quasiclassical result of Gamow including the energy
shift in closed form.




—1
T

4dr

(3.7)

_ 11 2
N= If’ﬂ () CcOS

If the contribution from the classically forbidden regions
is not small, these regions should also be taken into ac-
count in Eq. (3.7). Substituting Eq. (3.6) into Egs. (3.3)
and (3.4) i iclassical width and shift

S, pirar—

(3.8)

For the high-lying states where @y(7) oscillates strong-
ly, one can replace the cosine term in Eq. (3.7) by 1.
Then

Lpnm g TH (3.10)

N '=
"o p(r} 4m

- 2m
where T is the classical period of motion. Substituting
Eq. (3.10) into Eq. (3.8) we obtain the famous Gamow
formula for the width of the quasistationary state with
preexponential Gamow factor #/7. However, our pre-
factor factor N#’/4 in Eq. (3.8) is more general and can
also be used as soon as the quasiclassical approximation
is applicable to the bound-state wave function in a classi-
cally forbidden region, which is correct even for low-
lying bound states.

Frequency
Vs

Well defined

pre-factor



Alpha-decay theory In textbooks

B 4h%a

(3) Exponential factor T=vx7=——I0Cmxrel’,

to calculate. In this limit, kb — oo, and sinh kb — €*®. The transmission coefficient
in Eq. (4-62) simplifies to the form

T — e (4-63)

The factor e™"* expresses the attenuation of the amplitude of the wave in going through
the barrier, and it is quite reasonable to expect that the transmission coefficient is
essentially given by the square of this factor. For our case of ¥y & 30 MeV and F, in

The form of the solution, however, remains very similar to that given in Eq. (4-63)
if we make the replacement

kb — /:1 \/g{\/b(r) - Ec.,}u2 dr



A density-dependent cluster model:
all alpha emitters

Preformation probability
Pre-exponential factor
Exponential factor

P, V, and T

Daughter nucleus Alpha particle

Potential with doubly folding procedure

Finite-size of the alpha particle and core
Nuclear deformation

Centrifugal potential

Bohr-Sommerfeld quantization condition

VVVYVYYY



Alpha-decay half-lives of even-even nuclei of
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TABLE I. Comparison of average and rms deviations of DDCM
and GLDM.

Nuclide Number Average rms deviation
deviation

Even-even 157 (131) 0.209 0.267(0.35)

Odd-A 231 (192) 0.229 0.285(0.57/0.71)

Odd-odd 79 (50) 0.318 0.435(0.99)

To further improve the agreement, microscopic
calculations of preformation factors are needed.

A constant alpha preformation factor is OK for
open shell nuclel, but not for shell region nuclel!
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(I) Light island: Theotry and Experiment
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104Te: alpha particle on
L 96 F :
8 top of doubly magic core
% 1OOSn
5 54 |- O O
o °
D_ -
S2r <~ « decay of '"Te
N=Z Line PHYSICAL REVIEW C 73, 061301(R) (2006)
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FIG. 1: Alpha emitters close to the N=Z7 line.



Extrapolated alpha-decay energy for 1%4Te
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FIG. 2: Extrapolation of a-decay energy for 1% Te.
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Preformation probability: important

of a clusterization in the DDCM. Delion and co-workers
systematically analyzed the a-clustering effect in heavy and
superheavy nuclei [6,7] and they pointed out the suppression
of the «-clusterization process with increasing proton-neutron
asymmetry along the isotopic chains [7]. To improve the
agreement between experiment and theory, we therefore use
the 1sospin-dependent preformation tactor P, = ¢; 4+ (N —
/) instead of the constant one [ 19] for each kind of nuclei [e.g.,
a linear dependence P;° =0.73 —0.09 x (N — Z) for the
even-even nuclei|. As expected, the corresponding theoretical
lifetimes [7,(Cal2)] show a significantly better agreement
with the experimental data. The root-mean-square deviation is
reduced tfrom 0.319 to 0.242 for the available «v-emitters. Thus



(II) Shape Coexistence : Pb and Po isotopes

Preformation factor is also important!
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Figure 4 The decay pattern of '%°Po and the level scheme of "®Pb. Indicated are «-decay
energies E,, intensities 1, reduced a-widths 8% and configuration assignments. As



. (ms)

T

Alpha-transitions to coexisting 0+ states

3.9

3.0

258

2.0

15

10

0.5

0.0

"Po - "Pb (0,") +u

.\'\T”EIEIN = 2 5ms

\
\ T, .(Cal)

0.0

01 02 03 04

0.2

(ms)

T

400

300

200

100

1ﬁuFu . 1EEFh [ﬂ;] + ot
L]

T, _(Cal)

iid

Tﬁ[Exp] = 7dms

\\.

.

1 L 1 L L 1 L 1
00 01 02 03 04

g

0.5



Preformation probability: important

are involved. This 1s also evidenced by our previous analysis
of a-decay branching ratios where the excitation probabilities
of the daughter nucleus after disintegration were found to obey
the Boltzmann distribution approximately [36]

we(Ey) = expl —cE}], (9)

where Ej is the excitation energy of ¢ state in the daughter

nucleus and c is a free parameter. The excitation probability

a-decay branching ratios [36]. In present study, we describe the
a-cluster preformation probabilities for different a-transitions
by the product of the constant formation factor and the
Boltzmann distribution function [P, X wy(E7)]. It is easy to
find that the preformation factor of the a-particle is fixed to a
constant value of 0.38 for the ground-state transitions (07 —
OfL). For a-transitions to the excited 0T states, a smaller value
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The experimental and calculated alpha-decay half-
lives of nuclei with Z=106-110
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Preformation probability and Penetration
probability of 41?Po
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Alpha decay: a quartetting wave function approach

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

a-decay width of *'?Po from a quartetting wave function approach
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A microscopic calculation of a-cluster preformation probability and a-decay width in the typical « emitter
22pg is presented. Results are obtained by improving a recent approach to describe « preformation in *!*Po
[Phys. Rev. C 90, 034304 (2014)] implementing four-nucleon correlations (quartetting). Using the actually
measured density distribution of the *%Pb core, the calculated a-decay width of *I2po agrees fairly well with

the measured one.
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a-decay width of *'*Po from a quartetting wave function approach
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TABLE I. The calculated preformation probability and decay half-life of 2'2Po using different sets of effective ¢.m. potentials.

Potential c d E unnel Fermi energy Eunnel — M4 Preform. factor Decay half-life
(MeV fm) (MeV fm) (MeV) s (MeV) (MeV) P, Tip (s)

A 13866.30 4090.51 - : —19.346 0 —
B 11032.08 3415.56 19.346 —19.771 0.425 0.142 2.99 x 1077
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Systematics of alpha decay half-lives
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Simple relation for alpha decay half-lives

B. Alex Brown
National Superconducting Cyclotron Laboratory
and Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824
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Microscopic results of alpha cluster preformation probabilities
Daughter nuclei: Z=82 isotopes

Experimental data:
Qa and Ta (well measured)

c and d fitted to Qa and Ta

Preformation probabilities are
obtained for each nucleus

shell effect: important

1 | 1 1 | 1 1 1 1 1 1 1 1 1 1 1
108 114 120 126 132 138
Neutron number (N)

U(s) = cexp(—4s)/(ds) — d exp(—2.55)/(2.55)

describing a short-range repulsion (c) and a long-range attraction (d);
S denotes the nucleon-nucleon distance.



Microscopic results of alpha cluster preformation probabilities
Daughter nuclei: Z=82 isotopes
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Microscopic results of alpha cluster preformation probabilities
Daughter nuclei: N=126 isotones
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U(s) = cexp(—4s)/(ds) — d exp(—2.55)/(2.55)

describing a short-range repulsion (c) and a long-range attraction (d);
S denotes the nucleon-nucleon distance.



Microscopic results of alpha preformation probabilities
Superheavy nuclei

Mass| Z | N | Q. | Halt-lite c d Fermi energv| Eiunnel | Etunnel — 4| Pa
MeV | Tijls] |[MeV fm]|[MeV fm]| py[MeV] | [MeV] MeV]

294 [118]176|11.810|1.4x1073| 17066.70 | 4847.61 -16.889  |-16.490 0.399 0.110
202 116 [176]10.774(2.4x1072{ 19237.20 | 5365.62 -17.772  |-17.526 0.246 0.197
290 116 |174]10.990(8.0x10~3| 19027.50 | 5315.41 -17.568  |-17.310 0.258 0.191
288 114 [174(10.072|7.5x10~1| 18743.70 | 5251.07 -18.549  |-18.228 0.320 0.156
286 114 [172(10.370(3.5x1071| 17237.40 | 4892.79 -18.349  |-17.930 0.419 0.104
270 [110(160|11.117(2.1x10=%| 17079.10 | 4847.45 -17.547  |-17.183| 0.364 |0.144
268 [108(160]| 9.623 | 1.4x10° | 15653.10 | 4516.39 -19.171  |-18.677| 0.494 |0.077
264 (108|156 (10.591|1.1x1073| 17054.60 | 4843.76 -18.088  |-17.709 0.379 0.140
260 106 [154] 9.901 [1.2x1072| 17488.80 | 4948.93 -18.759  |-18.399 0.360 0.152




A brief summary of my talk

1. Alpha decay: old problem but still not fully solved
challenge: alpha cluster preformation

»Light island (doubly magic 1%°Sn)
»doubly magic 2%8Pb
» Superheavy island (next doubly magic nucleus)

2. Preformation probability of 212Po: a quartetting wave
function approach

3. Microscopic calculations on more alpha emitters around
Z=82 and N=126 region, superheavy nuclei



Collaborators: C. Xu, G. Roepke, P. Schuck, T.
Yamada, Y. Funaki, H. Horiuchi, A. Tohsaki, B.
Zhou, Mengjiao Lyu

Towards a fully microscopic calculation of the
alpha decay problem!!!






Microscopic calculation of preformation
factor in a two level model

Ren and Xu, PRC 36, 456,198 ...
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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.



