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We investigated cold emission processes

defined by the splitting of a nucleus
into two or more fragments
in their ground or low-lying states
which energetically are more bound

1. Proton and two-proton emission
(predicted in 1960 by V.l. Goldansky )
2. Alpha decay

(discovered in 1899 by E. Rutherford)
3. Heavy-cluster emission

(predicted in 1977 by A. Sandulescu)



1. Proton emission

week endin,
PRL 96, 072501 (2006) PHY SICAL REVIEW LETTERS 24FEBR]JARYEEME
Systematics of Proton Emission
D. 5. Delion

National Institute of Phvsics and Nuclear Engineering, POB MG-6, Bucharest-Mdgurele, Romania

R. I Liotta and R. Wyss
KTH. Alba Nova University Center, SE-10691 Stockholm, Sweden
(Received 2 September 2005; published 22 February 2006)

A wvery simple formula is presented that relates the logarithm of the half-life, comected by the
centrifugal barrier, with the Coulomb parameter in proton decay processes. The corresponding experi-
mental data lie on two straight lines which appear as a result of a sudden change in the nuclear shape
marking two regions of deformation independently of the angular momentum of the outgoing proton. This
feature provides a powerful tool to assign experimentally gquantum numbers in proton emitters.
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Review paper on proton emission
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Proton emission systematics
for reduced (on angular momentum) half life
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FIG. 1. (a) Logarithm of the experimental half-lives comre

sponding to proton decay as a function of the 0 value. The
data are taken from Ref. [4]. (b) Values of log,T_.,. Eqg. (6), as a
function of the Coulomb parameter y. The numbers labeling the
different symbols correspond to the [ wvalues of the outgoing

proton. The two lines are computed according to Eq. (8).
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Particle dynamics in the external barrier
explains the dependence on Coulomb parameter
and proton angular momentum
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The two lines are explained by

PHYSICAL REVIEW C 80, 024310 (2009)

Universal decay rule for reduced widths

D. 5. Delion
Horia Hulibei National Instifute of Physics and Nuclear Engineering, 407 Atomigiilon, Bucharest-Magurele 077125, Romdnia ard
Academy of Romanian Scientists, 54 Splaiul Independengei, Bucharest 050094, Romdnia
(Received 8 July 2009: published 20 August 2009)

Emission processes including o decay, heavy cluster decay, and proton and di-proton emission are analyzed
in terms of the well-known factorization between the penetability and the reduced width. By using a shifted
harmonic oscillator plus Coulomb cluster-daughter interaction it is possible to derive a linear relation between
the logarithm of the reduced width squared and the fragmentation potential, defined as the difference between the
Coulomb barrier and the € value. This relation is fulfilled with a good accuracy for transitions between g round
states, as well as for most o decays tolow-lying 2" excited states. The well- known Viola-Seaborg rule, connecting
half-lives with the Coulomb paameter and the product between fragment charge numbers, as well as the
Blendowske scaling rule, connecting the spectroscopic factor with the mass number of the emitted cluster, can
be easily understood in terms of the fragmentation potential. It is shown that the recently evidenced two regions
in the dependence of reduced proton half-lives versus the Coulomb parameter ave divectly connected with the
corresponding regions of the fragmentation potential.

DOL: 10.1103/PhysRevC 80.024310 PACS number(s): 21.10.Tg, 2350 +z 23.00.+¢, 23.70.+)




By using a schematic ho + Coulomb interaction
one obtains for the reduced width y?2
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The two lines In systematics correspond
to two different regions
of the fragmentation potential V_-Q (b)
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By crossing Z=68 one has a large shape transition
fromB~03uptpf~-0.2

m 04

1
w3 r e BHo

[|_1__ ]

L1 = o
l[l_.! — E

a3 (a)

l[l_ll [ i i i



Universal law for reduced widths is also fulfilled
by alpha emitters below and above 2°®Pb
D.S. Delion, A. Dumitrescu (At.Data Nucl.Data Tab, in prep.)
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Alpha-decay log(width)-log(penetrability)
dependence by using the fit parameters
Is equivalent to the Viola-Seaborg rule
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Universal law for reduced widths
Is valid for all emission processes:

proton, alpha & cluster decays
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One obtains a general log(width)-log(penetrability)
dependence for all emission processes
by using the corresponding fit parameters
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An equivalent explanation is given by

PHYSICAL REVIEW C 85, 011303(R) (2012)
Effects of formation properties in one-proton radioactivity

Chong Qi.""" Doru §. Delion,”” Roberto J. Liotta," and Ramon Wyss'
YKTH, Alba Nova University Center, SE- 10691 Stockholm, Sweden
S Horia Hudubei™ Nartionad Institere of Plhysics and Nuclear Engineering, 407 Atomistilor RO-07712 5 Bucharest-Mag urele, Romania
*Academy of Romanian Scientists, 54 Splaiwl Independentei. RO-050085 Bucharest, Romania
(Received 23 December 2011, published 30 January 2012)

It is shown that the proton formation probability. extracted from experimental data corresponding to one-proton
radicactivity, is divided into two regions when plotted as a function of an universal parameter. This parameter is
derived from a microscopic description of the decay process. In this way we explain the systematics of proton
emission half-lives. At the same time the formation probability is shown to be a useful quantity to determine the
deformation property of the mother nucleus.

DOL: 10 1103/PhysRevC 85011303 PACS numberis): 23.50 4z 21.30.Fe, 21.60.Gx, 21.10.Tg
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FIG. 2. (Color online) Proton-decay formation amplitudes
log ., |[RFI{R)|" extracted from experimental data as a function of o',
Squares correspond to nuclei with ¥ = 75 (Z = 67) while circles
are for ¥ =75 (Z = 67).
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Two proton emission
from superfluid emitters

PHYSICAL REVIEW C 87, (34328 (2013)

Simple approach to two-proton emission

D. S. Delion,'* R. J. Liotta, and R. Wyss®
U Horia Hulube i National Institute of Physics and Nuclear Engineering, 407 Atomistilor, RO-07712 5 Bucharest-Mégurele, Romdnia
*Academy of Romanian Scientisis, 54 Splaiu! Independeniei, RO-050085 Bucharest, Romdnia
*Bioterra University, 81 Garlei, RO-01 3724 Bucharest, Romdnia
*KTH, Alba Nova University Center, SE-10691 Stockholm, Sweden
{Received 1 June 2012; revised manuscript received 19 February 2013 published 28 March 201 3)

The two-proton decay process is studied by using a simple approach within the framework of scatiering theory.
We assume that the decaving nucleus is in a pairing state and, therefore, the two-particle wave function on
the nuclear surface corresponds to the two protons moving in time-reversed states. This allows us to sustain a
simplified version of the decay where the protons are sinltaneously emitted with the same energies. We thus
obtain a coupled system of radial equations with outgoing boundary conditions. We use similar proton-proton
interactions to solve BCS equations and to describe external two-proton dynamics. A strong dependence of the
pairing gap and decay width upon the proton-proton intersction strength is revealed. The experimental half-lives
of **Fe and **Ni are reproduced by using a realistic proton-proton interaction.

D05 101103/ PhysRevC 87034328 PACS number(s): 21.10.Tg, 23.50 4z 25.70.Ef




Pairing wave function is peaked on nuclear surface
and around the angle @ ~45°(r, ~r,)
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FIG. 3. (a) Two-proton radial wave function in *Fe, given by
Eq. (2.7). as a function of the coordinate r for ¢ =45, The
parameters of the proton-proton interaction in Eq. (2.14) are v, =
35 MeV and ro = 2 fim. (b) Same as in panel (a) but as a function of
the angle  corresponding to the maximal value of the wave function
at F =6 fim.
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We considered radial motion for a fixed angle ¢
The main effect on the decay width
is given for ¢~45°(r_ ~r,)
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FIG. 6. The ratio of the angular-dependent width given by
Eq.(2.31)andits value aty = 45 versusthe angle ¢ for o = 35MeV
and ry = 2 fm.



Half life strongly depends on the pairing strength
(and the pairing gap)
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2. Alpha decay
Microscopic description in deformed nuclei
In terms of the mean field + pairing approach

PHYSICAL REVIEW C VOLUME 46, NUMBER 4 OCTOBER 1992

Alpha widths in deformed nuclei: Microscopic approach

D. S. Delion
Institute of Atomic Physics, Bucharest Magurele, POB MG 6, Romania

A, Insolia
Department of Physics, University of Catania and Istiture Nazionale di Fisica Nucleare, 1-95129 Catania, Ttaly

R. J. Liotta
Manne Sieghahn Institute, §-10405 Srockholm, Sweden
(Received 15 October 1991)

A microscopic approach to the alpha decay problem in deformed nuclei is presented. The nuclear
wave functions are calculated in the frame of the Nilsson -+ BCS approximation, making use of a realistic
deformed mean field. A large configuration space has been employed in the caleulation of the farmation
amplitude while the penetration process has been treated within the WKB approximation. The calculat-
ed widths agree with the experimental data within a factor of about 3. Effects due to deformation are
also discussed. Applications are presented for Ra, Rn, and Th isotopes.

PACS number(s): 23.60. +&




Formation amplitude is the overlap between
parent and daughter * alpha wave functions

F(R,) = (aD|P) = f dxadxp [Y) () WO (xp) | 1P )

By using the cm and relative coordinates
it becomes a superposition of ho orbitals
depending on alpha-core radius
with four times sp ho parameter 48

.:FI{R:I=Z:FF1iﬂ ZZH:M e, (R).

where W-coefficients depend on
Nilsson expansion coefficients
and BCS amplitudes



Formation probability is peaked on the nuclear surface
but the total decay width is underestimated
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FIG. 4. Square of the alpha-formation amplitude (in fm ") vs
R. The solid line corresponds to the inclusion of quadrupole de-
formation; the dashed line to the quadrupole + octupole case.



Microscopic description of the decay width
requires an increase of the radial tail

PHYSICAL REVIEW C VOLUME 54, NUMBER 1| JULY 1994

New single particle basis for microscopic description of decay processes

D. 5. Delion
Institute of Atomic Physics, Bucharest Magurele, P.O. Box MG-6. Romania

AL Insolia
Depariment of Phvsics, Universioy of Catanfa and Tstinto Nagionale df Fisica Nucleare, £-95729 Coatania. fialy

E. 1. Liotta
KTH, Phvsics at Frescati, Freseativagen 24, 8-10405 Stockholm, Sweden
(Received 26 May 1995)

A single particle basis consisting of two different harmonic oscillator representations is introduced with the
ablm of studying microscopically e- and cluster-decay processes. A correct description of the wave functions at
large distances is obtained within a minimal single particle basis. Experimental data corvesponding to a larpe
number of a decay transitions from even-even nuclel are well reproduced. [S0556-2813(96)01406-9]

PACS number(s): 21.60.Gx, 23 .60 4+e




Mixed single particle basis with two ho parameters
Alpha clustering is connected to the second part of the basis
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FIG. 1. The harmonic oscillator potentials that define our repre-
sentation. The full line is the potential that provides the low lving
shells of the basis and the dashed line the one that provides the high
Iving shells. The dark line is the Woods-5axon potential.
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Saturation property of the mixed sp basis
versus the number of major shells
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FIG. 4. Ratio between the theoretical and experimental decay
widths calculated as in Fig. 3 as a function of (a) the parameter
fy and (b) the number of shells N, .



Improved description of the decay width
for deformed emitters
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Logarithmic derivative condition implies that
the ho parameter should be proportional
to the Coulomb parameter

FHYSICAL REVIEW C 69 (443 18 (2004}

Evidence for « clustering in heavy and superheavy nuclei

D. S. Delion*
Narfonal fnstitte of Phvsics and Nuelear Engineering, POB MG-6. Bucharest-Mdgurele, Romania

A, Sandulescu
Center for Advanced Studies in Plvsies, Calea Victorded 125, Bucharest, Romaniea

W. Greiner
frstitue fiir Theeretische Plvside DWoo-Groethe Universisds, Robet-Mave r-Strasse 870, 60325 Frankfurer am Main, Germany
{Received 8 October 2003; published 27 April 2004)

We analyze the e decay between ground states along & =& chains in deformed heavy and superheavy nuclei,
by using the pairing approach. We show that the derivative of the preformation amplitude is practically a
constant along any e chain, while that of the ontgoing wave function changes exponentially upon the Coulomb
parameter. This leads to the breakdown of the continuity equation and therefore to wrong decay widths. The
behavior cannot be explained within the standard shell model. We significantly correct this deficiency by
considering an e-cluster factor in the preformation amplitude, depending exponentially upon the Coulomi
parameter. Thus, four-body correlations, connected with the radial shape of the preformation factor, are divectly
evidenced by the e-decay svstematics. Moreover, this procedure, in principle, fully determines the ¢ value and
is an important development in the a-decay theory. It also allows us to analvze the relative o-clustering
structure of the emitter. It turns out that the isotopes close to the region & > 126 and superheavy nuclei have a

stronger clustering behavior. For superheavy region an additional dependence upon the number of interacting
ar particles is necessary.

DOL: 10 1 1053/PhysRevC 69 044318 PACS number(s): 21.60.Gx, 23.60.+e



Log. derivative condition i R)

is equivalent to the log o vy + ¥R,
“plateau condition” y_ =0 wip
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By using an ho parameter proportional to the Coulomb parameter
we improve both the decay width description y =0

and “plateau condition” y_ =0
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By including beyond mean field correlations
on the nuclear surface one obtains
in a natural way larger sp tails

PHYSICAL REVIEW C 87, (41302(R) (2013)

Shell-model representation to describe « emission

D. 8. Delion
‘wria Hulube ™ National Institute of Physics and Nuclear Engineering, 407 Atomigtilor, RO-077 125, Buehave st-Mdgurele, Romd nia,
Acadeny of Roman ian Scientists, 54 Splaiwl Independengei, RO-OS0094, Bieehavest, Romdnia, ard
Bioterra University, 81 Garlei, RO-01 3724, Bucharest, Romdnia

R. I. Liotta
Alba Nova University Center, SE- 10691 Stockholm, Sweden
{Received 30 January 2013; published 3 April 2013)

It is shown that the standard shell-model representation is inmlequate to explain cluster decay processes due
to a deficient asymptotic behavior of the corresponding single-particle wave functions. A new representation is
proposed which is derived from a mean field consisting of the standard Woods-Saxon plus spin-orbit potential
of the shell model, with an additional attractive pocket potential of a Gaussian form localized on the nuclear
surface. The eigenvectors of this new mean field provide a representation which retains all the benefits of the
standard shell model while at the same time reproducing well the experimental absolute a-decay widths from
heavy nuclei.

DOIL: 101 103/PhysRevC 87.041302 PACS number(sy: 21.10.Tg, 23.50 4= 23.60.+e, 23.70.+)




Single particle mean field with alpha-like correlations
The potential pocket corresponds to the peak
of the microscopic alpha formation amplitude
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FIG. 2. Proton and neutron potentials [Eq. (9)] in “'“Rn (solid
lines) and the corresponding Woods- Saxon mean-field potentials [19]

(dashed lines). The cluster parts are as in Eq. (%) with parameters
F-.'L - '*’L":_.,. = Ve, b=1fm, andr, = 1.3(AY 4+ 4V fm.



This picture is confirmed by microscopic calculations

energy [MeV], 10° x baryon density [fin”]

G. Roepke, et.al.,

Phys. Rev. C 90, 034304 (2014)
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Pair formation amplitudes are enhanced
by surface alpha-like correlations (a)
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FIG. 5. Proton (solid lines) and neutron (dashed lines) pairing
formation probabilities [Eq. (8)] as functions of the c.m. radius
corresponding to the decay process “"Ra — *""Rn + . The pocket
potential parameters satisfy the conditions (a) V7, = VI + V- and
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Decay width is strongly enhanced
by surface alpha-like correlations
and weakly depends on cm radius (a)
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FIG. 6. Logarithm of the theoretical decay width divided by the
corresponding experimental value asa function of the matching radius
for “'Ra — ““Rn + & (solid line). The first term in Eq. (10) is given
by a dashed line, and the second one by a dot-dashed line.



This approach enabled the description of enhanced
E1l transitions from un-natural parity states 2,46
recently evidenced in #2Po

|8 Selected for a Viewpoint in Physics week ending
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Novel Manifestation of a-Clustering Structures: New “a + *®Ph” States
in 212Po Revealed by Their Enhanced E1 Decays

A. Astier,' P. Petkov,"* M.-G. Porquet,' D. S. Delion.™" and P. Schuck”

'CSNSM, IN2P3-CNRS and Université Paris-Sud, 91405 Orsay, France
*Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 1784 Sofia, Bulgaria
*Horia Hulubei National Institute of Physics and Nuclear Engineering 407 Atomistilor, 077125 Bucharest, Romania
*Academy of Romanian Scientists, 54 Splainl Independentei, 050094 Bucharest, Romania
SIPN, IN2P3-CNRS and Université Paris-Sud, 91406 Orsay, France
{Received 15 September 2009; published 25 January 2010

Excited states in *'“Po were populated by « transfer using the “"Pb{'*0, “C) reaction, and their
deexcitation ¥ rays were studied with the Euroball array. Several levels were found to decay by a unique
ET transition (£, < 1 MeV) populating the yrast state with the same spin value. Their lifetimes were
measured by the Doppler-shift attenuation method. The values, found in the range 0.1-1.4 ps, lead to very
enhanced transitions, B(E1) = 2 = 10" 2=] = 10 W.u These results are discussed in terms of an
ae=cluster structure which gives rise to states with non-natural-parity values, provided that the composite
system cannot rotate collectively, as expected in the o + *™Ph™ case. Such states due to the oscillatory
maotion of the a-core distance are observed for the first time.

DO 10 103PhysRevLen, 104042701 PACS numbers: 2570.Hi, 21.60.Gx, 23.20.— g, 27.80+w



3/2/2016 Physics - Viewpoint: Do alpha particles cluster inside heavy nuclei?
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Viewpoint: Do alpha particles cluster
inside heavy nuclei?

Michael P. Carpenter, Argonne National Laboratory, Argonne, IL 60439, USA
January 25,2010 - Physics3,8

New excited states have been observed in 22po that are associated with a

configuration in which an alpha particle is combined with a doubly-magic 2®pb
core.

Fie 155 e 2'2Po
s 2000 T ) e .'w.‘?\w
51" aos7 1 3&7
757 \ \ Ll ni'ﬂ(_Q"r . lws 10
ELL - & T ol
10t !’!‘?l,‘n'sf 8 ‘I"F’ Ul:?a 4
1
1ayy 3 - 278
208Ph 4+ —Er 17 ;5.{
£ 1132 ’
= 25Pb + o
or_ o
shell model

Figure 1: Partial level scheme for *'?po. Excited states are labeled by their excitation energy
and are given in kev. Parity assignments enclosed in parentheses are consistent with the
data, but an opposite parity assignment, while unlikely, cannot be ruled ou... Show more

In the early part of the 20th century as physicists became aware of the existence of
the nucleus, they speculated that the nucleus might be composed of « particles [1].
This picture of the nucleus was eventually supplanted by the shell model, which

considers nuclei to consist of neutrons and protons held together by an average

http:fphysics.aps.orgfarticles/v3 /8



PHYSICAL REVIEW C 85, 064306 (2012)

Shell model plus cluster description of negative parity states in 2?Po

D. 8. Delion,'* R J. Liotta,” P. Schuck,™® A Astier,” and M.-G. Porquet”
Vi Horia Hulubei” National Institute of Physics and Nuclear Engineering, 407 Atomigtilon, Bucharest- Mégurele, RO-077 125, Romé nia
*Academy of Romanian Scientists, 54 Splaiul Independenpei, Bucharest, RO-050085, Romdnia
*Bioterra University, 81 Gdrlei, Bucharest, RO-013724, Romdnia
YKTH, Alba Nova University Center, SE-10691 Stockholm, Sweden
SIPN, IN2P3ICNRS and Université Paris-Sud, F-91406 Orsay, France
SLPMMC, CNRS and Université Joseph Fourier, F-38042 Grenoble Cedex 9, France
TCSNSM, IN2P3/CNRS and Université Paris-Sud, F-91405 Orsay, France
(Received 16 February 2012: revised manuscript received 15 May 2012 published 7 June 2012)

The intraband electromagnetic transitions in *“Po and *"'Pb are well described within the shell model
approach. Incontrast, similar transitions in*"Po are one order of magnitude smaller than the experimental values,
suggesting the existence of an g-cluster component in the stucture of this nuclens. To probe this assumption
we introduced Gaussion-like components in the single-particle orbitals. We thus obtained an enhancement of
intraband transitions, as well as a proper description of the absolute g-decay width in **Po. We analvzed the
recently measured unnatural parity states I~ in *'*Po in terms of the collective octupole excitation in “Pb coupled
to positive parity states in *'"Pb. They are connected by relatively large dipole transitions to vrast positive natural
parity states. We described £1 transitions by using the same g-cluster component and an effective neutron dipole
charge e, = —eZ/A. B(E2) values and absolute ¢-decay width in *'*Po are simuhaneously described within the
shell model plus a cluster component depending upon one free strength parameter.

DOL: 101 103/Phys RevC 85.064 306 PACS numberis): 21.60.Jz 2320 15, 23.60.+e, 2780 +w




Surface a-clustering in ?12Po
explains decay width between ground states
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Surface a-clustering term with the amplitude = 0.3
explains large electromagnetic E1 transitions in 22Po

B(E2:)+2->))-values
J = J 210pg B(E2),, 210pp B(E2),, 22pg B(E2),,
B(E2), B(E2)eyp B(E2),
250 0.56(12) 6.7 1.4(4) 3.9 9.2
42 4.6(2) 12.9 3.2(7) 3.5 20.8
6—4 3.0(1) 8.9 2.2(3) 24 13.5(36) 14.4
8> 6 1.18(3) 3.9 0.62(5) 1.0 4.60(9) 5.8

B(E1l:I-=>)*)-values

I- J* Eysu E(*?Po(17)) Eep(*'*Pol17)) B(ED),, B(EL);, B(E1)e
(MeV) (MeV) (MeV) (10* W.u.) (10* W.u.) (10* W.u.)
2- 27 —0.407 1.236 5 1
4+ —0.204 1.907 15 63
4= 4 —0.303 1.808 1.744 9 11 25
6" —0.107 2.201 1.946 2 4 11
6~ 6" —0.213 1.886 1.787 37 122 66
8 —0.490 2.197 2.016 3 8 19
8~ 6" —0.489 1.816 1.751 43 148 200
8t —0.215 2.240 1.986 8 24
10~ 8 —0.360 2.135 2.465 2 1 18




Surface alpha-like correlations have an
universal behavior for alpha decays

PHYSICAL REVIEW C 94, 034319 (2016)

Proton-neutron versus «-like correlations above "’Sn

V. V. Baran'~ and D. §. Delion"-*
' Horia Hulubei " National Institute of Physics and Nuclear Engineering, 30 Reactondui,
POBMG-6 RO-077125, Bucharest-Md gurele, Romdnia
IDepartment of Physics, University of Bucharest, 405 Atomigtilor, POB MG-11, RO-07 7125, Bucharest-Médgurele, Romdnia
*Acadenty of Romanian Scientists, 54 Splaiul Independengei RO-050085, Bucharest, Romdnia
*Bioterra University, 81 Gdrlei RO-013724, Bucharest, Roménia
{Received 16 June 2016 published 19 September 20 16)

It is known that the e particle reduced width has the largest values in the region above "'Sn, and this behavior is
usually atributed to the proton-neutron correlations. To reproduce the reduced a-decay width we use anadditional
pocket-like surface potential inthe single-particle mean field that simulates four-body correlations. We show that
the strength of this interaction has a universal linear dependence on the experimental reduced width above the
double magic nuclei """Sn and “*Pb. Moreover, we demonstrate that proton-neutron pairing correlations have a
small influence on this dependence and therefore cannot explain the larger reduced decay widths above "™Sn.
We give an indication of the possibility of detecting Sn + ne structures as dipole Pigmy-like resonances.

DOL 10.1103/PhysRevC 94.034319




Systematics of the surface clustering strength
versus the reduced width
Is given by similar dependencies
for Z>50 and Z>82 regions

[ | a BCS, Z=88
0 pnBCS, Z=52,54
36- | ® BCS, Z=52,54

Vq (MeV)
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=
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on oD

0o 0.005 001 0.015

FIG. 6. The strength of the a-clustering additional part of the
mean-field potential V,, versus the reduced width.



Anisotropy of the alpha emission
In deformed odd-mass nuclei

PHYSICAL REVIEW C VOLUME 46, NUMBER 3 SEPTEMEBER 1992

Anisotropy in alpha decay of odd-mass deformed nuclei

D. 5. Delion
Institute of Atomic Physics, Bucharest Magurele, POR MG 6, Romania

A, Insolia
Deparement of Physics, University of Catania and Istitute Nazionale di Fisica Nucleare, [-95129 Catania, Ttaly

R. I. Liotta
Manne Siegbahn Institute of Physics, 5-10405 Stockholm, Sweden
(Received 25 Febroary 1992)

Angular distributions and the corresponding absolute o decay widths are calculated microscopically
in odd axially deformed nuclei. It is found that the angular distributions are mainly determined by the
deformation. The available experimental data are well reproduced.

PACS numberis): 23.60.+e, 27.90.4+h




Anisotropy is enhanced by
the quadrupole deformation
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FIG. 1. Angular distributions corresponding to initial angu-
lar momentum projections M, =1,/2 (solid line), 3/2 (dash-
dotted line), and 35/2 {dashed line) for the case B5;=0.2,
Byv=p,=0.



Superheavy nuclei live longer in high spin
alpha-decaying 2qp isomeric states
with higher hindrance factors

PHY SICAL REVIEW C Th, 044301 (2007)
a decay of high-spin isomers in superheavy nuclei

D. 5. Delion
Harig Hulubei National (nstitute of Plvsics and Nuclear Engineering, 407 Atomistilor,
Bucharest-Mdgurele 077125 Romania

R. J. Liotta and R. Wyss
KTH, Alba Nova University Center, SE-T069T Stackholm, Sweden
{Received 9 August 2007, published 1 October 2007)

Hindrance factors corresponding to « decay from two quasiparticle isomeric high K states are evaluated in
superheavy nuclei. We found that the hindrance factors are very sensitive to the deformations and, therefore, they
may constitute a powerful tool to extract spectroscopic information in these nuclei. The hindrance factors tum
out to be very large, specially for nonaligned configurations. This indicates that if one of such states is reached
the parent nucleus may become isomeric. It is also possible that o decay may not proceed through ground state
to ground state chains but rather through excited states.

DO 101103 PhysRevC 76044301 PACS number(s): 2110 0x, 21.60.Gx, 23 60 42, 2790 +b




Hindrance factors
(ratio between reduced widths
of ground and excited states)

TABLE LI Hindrance factors for 10} and 12 high-spin 2qp
isomers together with ground state spectroscopic factors for o
emitters with £ = 110,

Nucleus f HF[10} = HF[12} = 54
E T TYy2ye
Uy L a3
g2 —0.10 343 10! 247 10! 5.55 10
=2 —0.10 3.00 10" 247 10" 5471077
2 —0.10 4492 10" 248 10 53210077
)2 —0.10 6.18 10! 2,30 10! 481 102
=2 —00.10 .35 10! 215 10! 431 102
4 —0.10 392 10! 257 10! 6.05 102
14 —0.10 4.67 100 251 10! 6.00 102
S D1 —0.10 5.53 10 2,40 10 5621077
=114 —0.10 7.16 10" 235 10° 5251077
114 —0.10 966 10 22110 4671077
e —00.10 486 10" 27110 6.75 10
16 —0.10 57210 282 10! 6.71 1077
16 —0.10 6.80 10! 2,66 10! 6.40 102
20116 —0.10 7.50 10! 258 10! 5.40 102
116 —0.10 1.15 10° 233100 5011070
=g —00.10 5.80 10 291 10! 730102
s —00.10 6.71 10" 3.15 10 72610
118 —{1.10 .14 10! 31310 6.97 10
e B —0.10 1.02 10° 2.03% 10! 630 10
e —0.10 1.39 102 2,70 10! 5.50 102
a0 —0.10 6.36 10 3.00 10" 6821077
1] —{.10 782 100 332100 72210
el 1] —{1.10 934 100 334100 .82 10"
M —00.10 1.21 10? 335100 63310
B —0.10 1.66 10° 316 10° S63107°




Probing shape coexistence by alpha decay

PHYSICAL REVIEW C 90, 061303(R) (2014)

Probing shape coexistence by « decays to 0% states

D. 5. Delion
“Heoria Huliwbei ™ National Institute of Physics and Nuclear Engineering, 407 Atomigtilor, RO-07 7125, Bucharest-Mdagurele, Romdnia,
airid Academy of Romanian Scientists, 54 Splaind Independengei, RO-050094, Bucharvest, Romdnia, Bioterra University,
81 Garlei, RO-013724, Bucharest, Romdnia

R. J. Liotta, Chong Qi and . Wyss
Royal Institute of Technology | KTH), Alba Nova University Center, SE-10691 Stockholm, Sweden
(Received 28 August 2014: revised manuscript received 23 October 20014; published 16 December 2014)

We analyze the ¢-decay fine structure to excited (0] states in Hg and Rn isotopes. These states are described
a5 minima in the potential energy surface (PES) provided by the standard deformed Woods-Saxon plus pairing
approach. We also investigate ¢ decay from the excited state P(0) in the parent nucleus by evaluating the
corresponding hindrance factor (HF). By malyzing the experimental HFs we find the remarkable property that
the ground and excited states [0, yand D40 ) inthe daughter nuclei are occupied with almost equal probabilities
if there is no excited P(0") states in the parent nucleus. Moreover, if there exists an excited state P{l];} then the
occupation probability of this state is 25%.

DOL: 10.1103/PhysRevC M.061303 PACS number(s): 21.10.Tg, 21.60.Gx, 23.60.+e, 27.70.+q




Minima on the potential energy surface (PES)
have different quadrupole deformations
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FIG. 1. (Color online) PES of "*Hg. Local minima for the
ground state (gs} (#x = —0.13) and excited (f state (#; = 0.27) are
shown by circles.



Spectroscopic factor versus
daughter quadrupole deformation
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FIG. 2. Spectroscopic factor for the transition "™Hg(gs) —
TEpHY ) + « between BCS states with k = 1 in Eq. (4). The
parent (initial) state corresponds to an oblate deformation with
AR = —0.12. The daughter (final) state carries a deformation
ﬁf' as given in the abscissa. The dashed curve was obtained by
considering the overlap between the parent and daughter BCS states as
unity (ie., (| ) = 1) while for the full curve that overlap is the one
provided by our calculation. Vertical lines denote the deformations
provided by the PES calculation for the minima corresponding to the
0 (& = lyand 0 (' = 2) states.

The key ingredient
is the overlap between
BCS wave functions

(W [08) = X [l (B2 (8) + b (1) 2 (62))

i ==



Shape mixing of wave functions

o) = X |[uit)+ ¥a|us),

@3] = —Ya[ui') + Xa|¥i'). A= P.D.

In terms of the mixing angle
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Hindrance factor
In terms of spectroscopic factors

a
experimental Heplk) = } mﬂ!ﬁ;}
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| I



Spectroscopic factor
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Is the integral of the formation amplitude squared,
written Iin terms of spherical orbitals

Fie@®) = Y W (837, 87) 057 (R).
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Experimental HF determines
shape mixing angles
for parent and daughter nuclei

TABLE 1. Quadrupole deformation of the O (third colunm)
and 0 state (fourth column). Experimental HF (fifth column) and
theoretical HF for 0] (sixth column) and 0 states (seventh column).
In the last column is given the mixing parameter (10). The first line
for each case corresponds to parent and the second line to daughter
nucleus.

No. Parent 107 B (0Y) Hep(l) Hy(l) Hy(2) 8

Daughter #5107y A7 05) S

1 "Hg -012 161 640 0.5
176 pt 017 024 0.03
2 SHg - 0.13 027 48 0.1 L1 025
py 0.25 018 0
3 BHe  —0.13 025 19 006 17 025
10 py 026 018 0

4 “CRn 0.09 252 8109 0.5

*Po ooy =015 (LU




3. Heavy cluster emission

1. Phys. G MNucl. Part. Phys. 20 (1994) 1483-14%8. Printed in the UK

Microscopic description of cluster decay

D S Deliont, A Insoliat and R J Liotta§

T Institute of Atomic Physics, Buchanest Magurele, POB MG-6, Somania
1 Department of Physics, University of Catania and TNFN, 1-95129 Catania, Haly
i KTH—Physics ot Frescati, 5-10405 Stockholm, Sweden

Received 19 January 1994

Abstract. A microscopic description of the heavy cluster spontanecus emission problem is
presented. A realistic large single-particle basis and pairing two-body interaction are used in
computing the cluster preformation amplitude. The barmer penetration process is treated within
the wkB approximation. Applications are presented for the *C decay from Ra isotopes and '2C
decay from ¥ Ba The calculated total widihs ace about one order of magnitude smaller than

the currently accepted experimental values.




Cluster formation amplitude
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Figure 4, The preformabon amplitude given by relation (2.34) as a function of the Cu rad
between daughter nuclens and cluster '*Ba = "C 4 "25p,



Cluster spectroscopic factor
and decay width

Table 1. Spectroscopic factors Sy, according with (3.1) and total widths for the emission of
1%C, For '"Ba —+ 2C + '"™38n decay the Q-value has been fixed at O = 20,79 MeV [17]. The
meaning of the factors (—xy) in parenthesis is the following: = 10==Y,

Decay AT Ceaxp (MeV) Fip (MeV)
Rpn - BC+TERY 2= 100 4.1(=3D) 3.5(=34)
TRy — WO 4+ Mpg 1.3(=9) 6.3(—38) 3.4(-39

2pa - UC 4P 1 8(-9) 2.9(=43) 5.8(—43)
4pa o BC4 M8y LB(-T) 4.4(-27)
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Microscopic theory of cluster radioactivity
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Conclusions

Our collaboration reported important results for

- proton emission systematics
PRL & Phys. Rep. with ~ 150 citations

- microscopic description of the alpha emission
4 Phys. Rev. C with ~ 200 citations

- microscopic description of heavy cluster decays
Phys. Rep. with ~ 300 citations

- anisotropic alpha emission from odd-mass nuclei
2 Phys. Rev. C with ~ 100 citations

- enhanced formation of superheavy nuclei in isomeric states
Phys. Rev. C with ~ 60 citations

- shape coexistence evidenced by alpha decay
Phys. Rev. C with ~ 15 citations




Happy birthday Roberto !
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