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Compound Nucleus Formation

CN formation is a processin which two nuclei combineinto a
singleexcitednucleus

Q-COQD-@D

Projectile Target

Composite Compound

Nucleus system nucleus

Projectile may also dissociate into
two fragments (prior to the fusion)
and onemay find successivdusion of
these fragments with the target to
form CN



Compound Nucleus Formation

singleexcitednucleus

Q-COQD-@D

{CN formation is a processin which two nuclei combineinto a

Compound

Projectile Target Composite

nucleus

o

Formation of CN influenced by:

Alncident energy
AStructure and shape of interacting nuclei
APosition of projectile in reference to the target nucleus

A ife Time ~10%4to 106 seconds
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U Light massNuclei (AQ:4(}80)

2<7,< 10 and 5 <A, <20) Z,<2and A, <4
Intermediate mass Evaporation Major decay mode ER with small
fragments (]MFs) Residue (ER) contributionof IMFs.
o (0 Intermediatemassnuclei (A-\=80-200)
A CompetitionbetweenEvaporationresidue

(ER), intermediatemassfragments(IMF)
andFissionfragments

Compound‘\'

L_ Nucleus
Jo

i HeavyNuclei (AQC'IZOO)

Symmetric or asymmetric fission
fragmentsmay form. However,in caseof

(" | high degreesof asymmetry,emission of
HMFs mayalsotakeplace

Heavy mass Fission U SuperHeavyNuclei (AQC'IZGQ 7>104)
HeaviestElement Z=118
fragments (HMF') fragments (FF) Life time is very small

<A <A Aey/2-20 < Ay < Ay2420



[Non-Compound Nucleus Formation (ICN)}

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'® 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.




Methodology” Theory of FissiomMass Distribution

QMFT: PRL V. 32,N. 10, 548 (1974Y)atuhn & W. Greiner
Usingthe conceptof massasymmetryVv=(A - A, )/( A, + A, ), treated asdynamical
collective coordinate, based on ATCSMthey calculated the mass distribution of
fissioningnuclei??®Ra,?3%U & °%m

Theideawas further extendedfor understandingthe chargedispersionin nuclearfission by
RKGupta,W. ScheidandW. Greiner in PRLVol. 35, no. 6, (1979.
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Explanation of the parameters of the naymmaetric two-conter shall models for the protons and neatrons,



Theory of Fission-Mass Distributions

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

x Dynamical fragmentation process

x fine Structure in nuclear fission charge
x yields Odd-even charge effects

x Cluster Radioactivity

[For spherical shape of nuclei]

The summed yields of even Z (and odd 2)
elementsto the averagesummedyieldswere
calculated and nice comparison with expt.
datawasobtained.
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Symmetry or Axial axis

A

Compressed

—>Spherical

Stretched

s Quadrupole
deformed

The rotation of an ellipse
about its major axisresultsin Prolate
a prolate (elongated) :/"D

spheroidshape

The rotation of an ellipse about
its minor axisresultsin a oblate
(flattened) spheroidshape

- —>
Reflection axis



Deformations Effects

Prolate
Oblate Spherical }
B2 “ve
A=0 h=2 A=3 A=4
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The deformation and orientation effects of the
colliding nuclei leadsto the lowering of its barrier

hei

PHYSICAL REVIEW C 85, 054612 (2012)

R(a)=R, §1+§'1 bY@




AThenuclearcollisionprocessis consideredasa usefultool to studythe role or importance
of different nuclearshapes

Projectile Target . _
Collision axis
JL The interaction distancebetweenthe centersof
— € > two spherical nuclei remains sameor fixed.

The interaction distance changes
at different orientations of the
deformed nucleus,




OPTIMUM ORIENTATIONS

Optimum orientationsfor all pairsof prolate (p), oblate (0) and spherical(s) nuclei, lyingin
one plane,leadingto a ¥ O drfndhcompactbr W K @& @ 2 Y LIEo6figu@ation

Optimum orientations (q,, q,)

p ¢ prolate; b,>0

0 ¢ oblate; b<0

A uniquely fixed or optimum

orientation correspondingto the hot

and cold configurationsis dependent

only on the +/- signsof b, deformation

Deformations "¢ Hot,
of colliding nuclei
elongated compact
Configuration | Configuration
P, P 0°, 180 o, 90
0,0 9, 9¢ 00, 180
p, 0 0°, 90 90, 180
p’, s s 9, s
0,sS 9, s 0% s

Cold (Noncompact)

configuration
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. K. Guptat al, J. Phys. Qducl Part. Phys. 31, 63644 (2005).




Methodology =

Thecollectivepotential energyor fragmentationpotential V(/, R) is calculatedas

V(hvhz’R):'é. B&A}’Zi’b/i)+VC(R'Zi’b/i’qi’f)+VN(R’A’b/i’qi’f)-l-v?(R’A’b/i’qi’f)

i=1

The binding energy contains both the ‘l’ 77

_ e 2 1 R a lT e 4
macroscopic (liquid drop model) and \/ (Z b/u%ai’T)-|;—2+3Z1Zze 3 i
/

microscopidsheltcorrection)part.

w22l +1 R(T)'™ v 8/) i b q)H
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Methodology =

Thecollectivepotential energyor fragmentationpotential V(A, R) is calculatedas

i=1

V(hvhz’R):'é. B@’Zi’b/i)+VC(R'Zi’b/i’qi’f)-l-VN(R’A’b/i’qi’f)+v?(R’A’b/i’qi’f)

The binding energy contains both the ‘
macroscopic(liquid drop model) and

microscopigshellcorrection)part. >2?(? +1)

Sticking limit Non—stlcklng limit

S |

oo

I(T)=1,(T) = 7R +2 AMR (2,,T) + £ AMR (@,,T)

1(T) =\ = MR
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Methodology =

Thecollectivepotential energyor fragmentationpotential V(A, R) is calculatedas

V(h’hZ’R):_é BI(A’Zi’b/i)-'_VC(R’Zi’b/i’qi’f)-l_VN(R’A’b/i’qi’f)+v?(R’A’b/i'qi’f)

i=1

The binding energy contains both the
macroscopic(liquid drop model) and
microscopidsheltcorrection)part.

2 2 4 T26 SEDF based Proximity
a Viow +a U expes FB Skyrmeforce potential
i=1 i=1 (; 0o+

<

Effective Skyrmeinteractionswork
out in terms of nucleardensity ",
kinetic energy density _ and spin

rbit densityJ
H®, U h) =K+ Hy+ H, +Hg
+ I_Ifin + Hso+ Hsg

Vy :ZﬂQHle(R)' {Hl(R)' Hz(R)}]dR

= 40RPF (S,) =V (R) +V, (R)

<

Proximity potential is the
analyticalexpressiorno calculate

nuclearpotential
Vn(so) = f(sh., geo.)®(sg)

= 4ﬁﬁ"}- /)(I)(-‘S‘o) .
1‘_1(50 = 2.25)% - 0.0852(s, - 2.54)°

2

J3.43%exp(—L) oK% MOH |
P75

r=roft-k(3)
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Methodology =

Thecollectivepotential energyor fragmentationpotential V(A, R) is calculatedas

V(hvhz’R):'.a%. Bl(A’Zi’b/i)+VC(R’Zi’b/i7(7i’f)+VN(R’A’b/i’qi’f)+v?(R’A’b/i’qi’f)

i=1

\
Schrodinger WWbecoordinates
h2 8

o T T ] V0= B

AForgroundstate decay,n =0

AForexcitedstate decay,n =1,

The preformation probability, P,, which imparts the structure AW
information of the decaying nucleus,is obtained by solvingthe
stationarySchrodingeequationin h

P, =/, I (h(A)) (21 A)

The penetrability P is calculated under WKB
approximation,solvedanalyticallyasfollows

P=exp |- / {20V (R) — Quyf)}dR
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Methodology =

Thecollectivepotential energyor fragmentationpotential V(A, R) is calculatedas

V(hvhz’R):'.a%. Bl(A’Zi’b/i)+VC(R’Zi’b/i’qi’f)-l_VN(R’A’b/i'Cli’f)-'_v?(R’A’b/i'qwf)

i=1

\
Schrodinger wav ation separated fhrcoordinates
')

2\/— F@HHF ??)] ¥ (n) = E,v"(n)

AForgroundstate decay,n =0

AForexcitedstate decay,n =1,
The preformation probablllty, P,» Which imparts the structure AW

information of the decaying nucleus,is obtained by solvingthe
stationarySchrodingeequationin h

P=/b h ’ 2/
0~ hnLV( (A))‘ ( ACN) For fusion crosssections, the

The penetrability P is calculated under WKB preformation probability R;=1.

approximation,solvedanalyticallyasfollows @

Ry
2 /
P=exp )= /"'2#-[1"(3) — Qeps]}dR
Ra

20



[ IJIMPE Vol 26 No. 11 (2017) 175007]7

Scatering Potential(MeV)

150 30 238 268 -
Si"“ U—-:_ Sg 10 é'mSl' lzasu_iﬁasg
140 - 0,=0",0,=90’
B, =0, p,,=0.215 107 _ _
3 AThe fusion crosssections for
deformed nuclei are calculatedfor
130 _ ] SSk Sk and KDBvl Skyrme
I | _ forces
— 10'-:
-
]20_ 3
109 30
----- 10° 3
110+
1073
| .':; ------- SIII 10" ;
100 — T T 120 130 140 150 160 170
§ 10 12 14 16 18 E (MeV) 2
R(fm) em £ 10'- :
o il SSk force
AThe fusion crosssections for deformed nuclei are 10°4 |
calculatedusingSSKor (1) hot optimum orientation, (2) » ]
cold optimum orientationsand (3) taking all orientations ]
from O to 9Cr. ] 1
10" +—+

120 130 140 150 160 170
E  (MeV)

c.am.



Present Work

/Presentvvork IS mainly focusedon comprehens@
analysisof decaydynamics associated with the
160 + 203205T | \e1922IAC” reaction by analysing
fragmentation potential and preformation
probability.
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