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Heavy ion reactions

Low energy

E¢15MeV/nucleon

üFusion-fission

üEvaporation Residue

üProduction of super-

heavy nuclei

üHalo-nuclei induced 

reactions

Introduction

Presentwork representscomprehensiveanalysis of compound/non-

compoundnucleus decaydynamicsof Ac isotopes



CN formation is a processin which two nuclei combineinto a

singleexcitednucleus.

Projectile Target

Nucleus
Composite 

system

Compound 

nucleus

Compound Nucleus Formation



Projectile may also dissociate into

two fragments (prior to the fusion)

and onemay find successivefusion of

these fragments with the target to

form CN

CN formation is a processin which two nuclei combineinto a

singleexcitednucleus.
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CN formation is a processin which two nuclei combineinto a

singleexcitednucleus.

Projectile Target

Nucleus
Composite 

system

Compound 

nucleus

Formation of CN influenced by:

ÅIncident energy

ÅStructure and shape of interacting nuclei

ÅPosition of projectile in reference to the target nucleus

ÅLife Time ~10-14 to 10-16 seconds

Compound Nucleus Formation



ü Light massNuclei (ACN=40-80)

CompetitionbetweenEvaporationresidue

(ER), intermediatemassfragments(IMF)

andFissionfragments.

Symmetric or asymmetric fission

fragmentsmay form. However, in caseof

high degreesof asymmetry,emission of

HMFs mayalsotakeplace.

Major decay mode: ER with small

contributionof IMFs.

ü Intermediatemassnuclei (ACN=80-200)

ü HeavyNuclei (ACNÓ200)

ü SuperHeavyNuclei (ACNÓ260; Z>104)
HeaviestElement; Z=118

Life time is very small



Non-Compound Nucleus Formation (nCN)

nCN reactions lead to the formation of compositesystemwhich is

not fully equilibrated and decay occurs at faster pace when

compared with usual CN dynamics (T<10-16 seconds) .

Consequently the systemre-separatesbefore reaching a compact

compoundnucleus(CN).

Interaction time is shorter than the CN lifetime but long enough

for the exchangeof massand energy.
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QMFT: PRL V. 32,N. 10, 548 (1974), J. Maruhn & W. Greiner 

Usingthe conceptof massasymmetry =˅(A1 - A2 )/( A1 + A2 ), treated asdynamical
collective coordinate, based on ATCSMthey calculated the mass distribution of
fissioningnuclei226Ra,236U & 258Fm.

Theidea was further extendedfor understandingthe chargedispersionin nuclearfissionby
RKGupta,W. ScheidandW. Greiner. in PRLVol. 35, no. 6, (1975).

Theory of Fission-Mass DistributionMethodology



D. R Saroha & R. K. Gupta PRC 29, 1101 (1984) 

Monday, October 12, 2020ECNMP-14, Jammu Univ.
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×Dynamical fragmentation process

×fine Structure in nuclear fission charge

×yields  Odd-even charge effects

×Cluster Radioactivity

[For spherical shape of nuclei]

The summed yields of even Z (and odd Z)
elementsto the averagesummedyields were
calculated and nice comparison with expt.
data wasobtained.
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Reflection axis ­

Quadrupole 
deformed

Spherical

Prolate
OblateThe rotation of an ellipse

about its major axisresults in
a prolate (elongated)
spheroidshape.

The rotation of an ellipse about
its minor axis results in a oblate
(flattened) spheroidshape.
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The deformation and orientation effects of the
colliding nuclei leadsto the lowering of its barrier
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ÅThenuclearcollisionprocessis consideredasa usefultool to studythe role or importance
of different nuclearshapes.

The interaction distancebetweenthe centersof

two spherical nuclei remainssameor fixed.

Collision axis
Projectile Target

The interaction distance changes

at different orientations of the

deformednucleus,



R. K. Gupta et al, J. Phys. G: Nucl. Part. Phys. 31, 631-644 (2005).

p ςprolate; b2>0

o ςoblate; b2<0

A uniquely fixed or optimum
orientation correspondingto the hot
and cold configurations is dependent
onlyon the +/- signsofb2 deformation.

Optimumorientationsfor all pairsof prolate (p), oblate (o) and spherical(s)nuclei, lying in
oneplane,leadingto aΨŎƻƭŘor noncompactΩorΨƘƻǘorŎƻƳǇŀŎǘΩconfiguration.

Hot (Compact) 
configuration

Cold (Noncompact) 
configuration

Deformations

of colliding nuclei

Optimum orientations (q1, q2)

Cold, 

elongated 

Configuration

Hot, 

compact

Configuration

p°, p° 00, 1800 900, 900

o°, o° 900, 900 00, 1800

p°, o° 00, 900 900, 1800

p°, s 00, s 900, s

o°, s 900, s 00, s
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Thecollectivepotential energyor fragmentationpotential V(h, R) iscalculatedas

The binding energy contains both the
macroscopic(liquid drop model) and
microscopic(shell-correction)part.
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Thecollectivepotential energyor fragmentationpotential V(h, R) iscalculatedas

The binding energy contains both the
macroscopic(liquid drop model) and
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Thecollectivepotential energyor fragmentationpotential V(h, R) iscalculatedas

The binding energy contains both the
macroscopic(liquid drop model) and
microscopic(shell-correction)part.
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SEDF based 
Skyrmeforce

Proximity 
potential
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H(ȍ, Ű, ȟ) = K + Hŭ+ Hɟ+ Heff

+ Hfin + Hso + Hsg

EffectiveSkyrmeinteractionswork
out in terms of nuclear density ,́
kinetic energy density a̱nd spin
orbit densityJ
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Proximity potential is the
analyticalexpressionto calculate
the nuclearpotential

s0җ мΦнрмм
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Thecollectivepotential energyor fragmentationpotential V(h, R) iscalculatedas

Schrodinger wave equation separated for h-coordinates

The preformation probability, P0, which imparts the structure
information of the decaying nucleus,is obtainedby solvingthe
stationarySchrodingerequationinh

)/2())((
2

0 CNi AAP hybhm=

ÅForgroundstatedecay,n= 0
ÅForexcitedstatedecay,n= 1,
2, 3,ΧΧ

The penetrability P is calculated under WKB
approximation,solvedanalyticallyasfollows

The decay cross-sections in
terms of ?-partial wavesis given
asfollows
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Thecollectivepotential energyor fragmentationpotential V(h, R) iscalculatedas

Schrodinger wave equation separated for h-coordinates

The preformation probability, P0, which imparts the structure
information of the decaying nucleus,is obtainedby solvingthe
stationarySchrodingerequationinh
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2

0 CNi AAP hybhm=

ÅForgroundstatedecay,n= 0
ÅForexcitedstatedecay,n= 1,
2, 3,ΧΧ

The penetrability P is calculated under WKB
approximation,solvedanalyticallyasfollows

For fusion cross-sections, the
preformationprobabilityP0=1.
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ÅThe fusion cross-sections for
deformed nuclei are calculatedfor
SSk, SkT1 and KDE0v1 Skyrme
forces.

ÅThe fusion cross-sections for deformed nuclei are
calculatedusingSSkfor (1) hot optimum orientation, (2)
cold optimum orientationsand (3) takingall orientations
from 0 to 90o.

IJMPE Vol 26 No. 11 (2017) 1750077



Present Work

Presentwork is mainly focusedon comprehensive

analysisof decaydynamics associated with the
16O + 203,205TlŸ219,221Ac* reaction by analysing

fragmentation potential and preformation

probability .



J. Gehlot et. al. , Phys. Rev. 

C. 99, 034615 (2019)

Experimental evaporation residue

(ER) cross-sectionof 16O + 203,205TlŸ
219,221Ac* Ecm=76.1-104.5 (MeV) at

abovebarrier energies reproduced

using HIVAP calculations with

PCN =0.6 i.e. there is a possible

contribution of nCN channel.



Shell closure effects

221Ac* 85Br(N=50) + 136Xe(N=82) (Ec.m.=76.2 MeV)

221Ac* 89Rb(N=52) + 132Te(N=82) (Ec.m.=104.5 MeV)



Shell closure effects

219Ac* 85Br(N=50) + 134Xe(N=80) (Ec.m.=76.1 MeV)

219Ac* 85Br(N=50) + 134Xe(N=80) (Ec.m.=104.4 MeV)
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