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NUCLEAR DISSIPATION in FUSION-FISSION
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Neutron Multiplicity Results : #%%*%224Th
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16 scintillators in reaction plane for pre- and
post-scission neutron multiplicity through
neutron-TOF measurements. Experiment
done @ National Array of Neutron Detectors
(OLD NAND) at IUAC, New Delhi.
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(a) Variation of pre-scission (vpre) and (b)
total (v, ) multiplicities with excitation

energy (E*) for the present measurement
(filled symbols) and from [1] (open
symbols).

[1] Rossner et al., Phys. Rev. C 45 (1992) 7109.
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Systematics of pre-scission neutron multiplicities

SNo  CN Reaction 28 reactions SNo  CN Reaction
1 '.I"_:IT"-]-I 15D+131Ta 15 EIERH 13D+'.I'EIEFt
2 1977 19178 4f 16 216p4 124204 ph
3 200py, 19, 181, 17 Elﬁﬂﬂ ]HF"‘]WFLU
4 203 194184y 18 207 Fp 194 198 pyt
5 204pp 184186y 197 < ACN < 251 19 20Th 1604+204ph
6 W6pg  T2cs1¥py 20 #2Th 160+2%pp
7 210p, 124198 py 21 24Th 164208 ppy
g 210p, 1804192 ¢ 272 EZEU 19F+EDEIBi
q 210pn 164194 py 23 EEEINP 20N e+209 R4
10 212pn 180+ 194 pyg 24 243 am 1g+232TH
'I‘I 2]3F1- 19F+194Pt AP S 20 25 244Em .IEE"‘Engh
12 213 1604197 Ay, 26 248§ ”E"‘H?NP
13 214pn 164 198 pg 27 248 cf 160+232TH
14 E'JE-FI_ IEIF+IEIEPt 78 251 Es ]HF"‘HETh
E1 bin E2 bin E3 bin
45 MeV < E* < 55 MeV 55 MeV < E* < 65 MeV 65 MeV < E* < 75 MeV
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Systematics of pre-scission neutron multiplicities
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Variation of v__in the energy group E, along (a) the fissility parameter x and (b) the ratio of entrance channel mass

-asymmetry to Businaro-Gallone mass asymmetry parameter (o/a, ).

- (5)/ .. o= A e 0

A—2z\?
(Ezfﬁ)cﬁ: = 50.883 * (1 — 1.7826 * ( A ) U. Businaro, S. Gallone, Nuovo Cimento 5 (1957) 315-317.
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Systematics of pre-scission neutron multiplicities

Reaction Sch Reaction Bh T T T - T T 7
180418173 27 '0+!%pt 8 40T (C) 2 E, |
19F4 178 4f 27 1204204pp -8 { @@ 2 -
19F+131Ta 24 ]QF"‘]E”FLU -8 3+5 - \ —
19 184y -1 194198 py -7 4 \
+ 22 -
1804186y 20 160+204pp -4 / T4 \
2c4iMpr 18 Q:20 : L30T / s \ .
124198 py 14 160+208py = / 11 24 -
19, 200 o = BT
Bo+1920s 14 F+~Bi +4 -~ / & T
1604194py .14 ONe#?™Bi 45 25 I 314l [Bl3o |
184+ 194 py 12 11g4+232Th +19 + 4
19F4194py 11 1204232Th 420 20 2£5 |
1604197 Ay 11 11B+237Np +24 ’ 16
164198 py 10 1604+ 232TH +24 I ]
19,196 py 9 19 ped32h +27 1.9 et
-30 -20 -10 0 10 20 30
Deviation o, of the neutron and proton O,
numbers in the target and projectile from the Variation of v__in the energy group
respective nearest magic nhumbers E, with §_.
(Bsh)proj,prot = ZlZC a Z160 = _2 \ / (ash)tar,prot = Z204Pb - ZZOBPb = O
5, =-8
o, =N_ —-N__ =-2 \ — _ — _
sh”proj,neut 12C 160 / (6sh)tar,neut - N204Pb N208Pb =4
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Statistical Model Analysis

Bohr Wheeler fission width

FEY(E* ¢, K = 0)
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Figure is courtesy of T. Banerjee et al., Phys. Rev. C 99, 024610 (2019)
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Statistical Model Analysis

1[}3 __r 1 | I I L | I 1 1 _..IG—!G - ]
5 = Mﬂp — Mipm. . 0 J
= s &
= @
FRLDM fission barrier ‘g 102 - o 19p 181, i
A.J. Sierk, Phys. Rev. C 33 (1986) 2039—2053. 5 : @ Oy = -24
2 [
Ht{t} — BI_.DT“ l:f:l _ {Sg _ éll::'], g % 1{1G+EEIHFb d
; .-I 0'1 _'5 f:j:\.llj_ {-} -
Ignatyuk’s level density 2 3]) ;
E L
Ignatyuk et al., Yad. Fiz. 21 (1975) 485-490. "i
) l _EKF{_E:) 100 Ii . I . [ . 1 ; I . 1 . |
alE*)y=al|l+ B —34 |. 25 35 45 65 65 75 85
E* (MeV)
Shell Corrections in Fission Barrier and Calculated fusion cross sections (solid lines)
Level Density Parmeter compared  with experimental values
(symbols) for *O + 28Pb [1] and °F + 81Ta [2]
Two Set of Calculations : Set | (without) 1. Morton et al., Phys. Rev. C 52 (1995) 243-251.
and Set Il (with) shell corrections. 2. Charity et al,, Nucl. Phys. A 457 (1986) 441-460.
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Set-1 Results : Impact of Entrance Channel Shell Closure
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Set-1II Results : Impact of Entrance Channel Shell Closure
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Variation of the reduced

dissipation coefficient B with
o obtained for Set-ll in the
excitation energy bin (a) E1, (b)
E2, and (c) E3
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Results : Impact of Entrance Channel Shell Closure
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Variation of B with 6 obtained by
fitting the ER cross-section data

Hypothesis of complete equilibrium
invalid!!

Detailed  statistical model
calculations for 28 reactions
predominated by complete
fusion-fission channel reveal a
higher dissipation strength,f3
to reproduce v  and a lower 8

to reproduce ER cross-sections
for systems having a closed
shell structure in the incoming
channel. The Iinvestigations
highlight the fact that the
pathway to fission iIs more
hindered for systems with
closed shell nuclei as reaction
partners.
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