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Study of fission fragment mass distributions

Fissiorr is arr itrrportarrt deca1, nrode and phy3i.. of this process is crucial in cicLcrtrlirriłrg stability
of lrear,1, and supcr-hear.r. isotopes. Althouglr tlre fissior} process itself lras been krrorvtr for t,llrrrost

ciglrt1, }.ears, a full. theoretical description <lf ils mcclranistn is still a researclr clrallenge. Tlre atornic
nu.clcus is a cotlrplicatetl s1,,stetn of slrort-tange trrrclear forces of quanttttrr objects (riuclcorrs). Tlre
lools of quantunr meclratrics, usecl to desclille tlte plrenotrrena artd objects of tlre rrricro,,vorlc1. rcquire
krrorvleclge of tlre forces of irrtertrction. rvhich irr tlre case of nucleons have not been firlly unclerstoocl.

Orrc of tlre basic, lrreasurable fissiorr clraracLeristics is tlre fi.ssiorr fragtlent rrrass distributiorr. Thcse
data are useful for fut,tlrer anah,zes iri tlre purely tlreoretical corrtext - description of rruclcosyntlresis in
tlrc r-process - and applicatiorrs: itrlprovetrlent of engineering solutiotrs. sticlr as rvork otl optinrizatiorr
of fuel cycles irr tlre ltuclear itrdustrv energy. lrarrclling of radioactit,e lvaste, ctc. Tlrus there is a nr:ccl

to clevelop a preclictive tlreorv tlral coulcl explairr rnechanisrrrs lr,hiclr are cxperitrrerrtall_v inaccessible.
so far tlie nreclranisn of nrass clir,iding betlveerr fragnlerrts cluring fission lras not beerr tireoreticallr,
cLescribed in a r,r,ay tltat allorvs to reproduce expcrilrlental data rvitir suffjcierrt acctrrac1,.

Tlre airrr of tlris rvork rvas to studv tlre collective nrechatrisnrs tlrat arc crucial irr tlre process of
splittirrg lrucleotrs lletlr,ectr frzrgtrlcnts of fissiorr. T]rc trrain task lvas to ansrver t}re follolr.irrg qucstions:
horv itllportant are macrosco1,1ic fact,ors in description of nucltlar fragtrlcntation: lrorv d.vttamic effer:ts

deternrine tlre slrapes of tnass distributions ancl rvlrich ciegrees of freedorn of nucleus' defortttation
are inrportant for tlre clescriptiorr of tlre flssiorr process irr tlre context of nlass distribution bctrveen
products, Tłrere rvere stuclied isotopes. r,epreserrting trvo obserrrecl itt ltature 1ypes of fission: "' Cf,
256 Fnr, 1E0 Hg (asl,rrrrnetric ll]ass clistributiorr )and 258 Ftn (bimodal). The basic researclr tool used
irr this rvork is tlre Hartree-Fock-Bogoliuborr. (HFB) rnodel. rvlrich treats l,lre aLotnic nucleus itt a
nricroscopic rnŁ}nllel, discussed ilr lnorc detail in subsection 2.1, Sullsectiorr 1.2. is att introcluctiort
to tlre unclertakctr researclłt issues. It cotrt,ains a slrort history of discovcry of nttclcar lissiorr anc1

trrotivation fbr this rcasearclr. At tlre encl. inrportattt nlorlels \\.ere brieflr. discussed ancl usccl to
predict tlrc distributiorr of tlre rrrass of' fission fragtllents.

cłrapter 2 covcrs tlre results of czrrriccl orit anall,zęs of pre-scissiorr points - the last. configuratiorr
of tlre crlturccted nr_tcleus. lyirrg at the encl of tlrc prcferred fission 1latłr. cletcrtnitrec1 lly 11,. ntethocl
of energv rłrilrirnization. The spatial dcrrsit1, clistrillutiorts of nucleons corresporrclirrg lo tlrese s}rapes
allorvecl to drarv colrclusions aboul tlrc strtrcttrles of the derived rruclei forlrrecl at this stirge, atrcl tłrus
to pre-detertrritre tlrc tnass of tlrc tnost prollallle fragrrtetrts. It lras also beetr slrolvtr tlrat - on the
basis of tlrese profiles. one carr irritiall5, cotrclrrcle on t}re shape of the clistribrrtiort of fission tlrass ll1,

lirrkirrg tlre 1llollabilit.r, clf observing zr gil,etr tnass rlivisiorr rr.itlr tlre 1lrobability of tearirrg l,ltc neck ol'
t}re nrrr;Iide at tłre site corresporrclirrg to suclr fragrrlcrrtatiott. Tlre olltairrctl trtass clislrillutions rr.et,e

cotrrparecl ll.itlr tłre exlieritrrental orres.

Clrallter 3 is devotecl to the dvnałnic description of the fissiorr plocess. The evolution of tlre rvztve

paclkct. corresponclirtg to tlre initial state of tlre splittirrg nucleus, rvas carried out itt a tlvo-ditnettsiotral
configuratiol} space. Tłrc isotope 252 Ct.,r.as exanrinecl in detail. Tlre irrfluence of initial cotiditiotts on
tlre receil,ccl rnass clistributiorr o{' fragtrrettts is cliscussed. Tłre results obtirinecl for tlre nu.cliclr:s '25'2 CtI
256 Ftrl. 25iJ Fnl wele preselttecl ancl conparcd lvitlr tlre experitrtent.

Based ott the obtainc.d results. it can be conclttcled that - at least irr part - iL r.vas tr.lossible to ult-
clerstancl tłre cssetrce of collectir.e nreclrtltlislns resporrsible for the dii.isiorr of nucleons betrveen fissioll
fragtnents. The results of static strrdies lrzlvc slrorvn tłrat, evclr t]re trrere analysis of the corrfigurat,ion
prtlccdirrg the rup|uro provides esserrtial infortrration aboul, tlre plrvsics of tlre fission pl,ocess. Corrsi-
derirrg the clistributiorr of spzrtial trucleotr derrsitics ilr this aclvanced phasc of deforrlzrtion. tlrere catt
lle dralr,n conclusiotts t,egardirrg the intet,ttal structure. slrape. attcl nass of t}re ntost probable pro-



clucts. trnc1 tlrtts;lreclcfirred the lvpe of fission (synlrrretrical or asl,mnretric). The nrttss clistril.iutions of

fragrrretrts ctllculated usirrg tlre nracrosco1_lic B lrlethocl of Blosa reproclucc ll,ith fairli, good accurac1'

tlre nrass of tlre ttlost probable fragnrerrts - lrcavv ancl light - observed irr tlre experilrrelrt. T}rrrs. it
lras llectr shorvn that tlrc hl.droflyląlrric tllzrcroscopic efl'ects associatecl rt,itłr tlte surlace ellerg.\i of tlrc

splitlirrg isotope arc also sigrrificarit in tlre nucleon clivisiorr process. Tlre obLairred irrsufIicierrt rvidtlr

of tłieorel,irlal distributions is tlre result of tlrc onrissiorr of shell arrd clynatrric efl'ects.

The resuits of cll.narrlic ctr,lculations lrave slrorł,tr tłrat the slrape of tlre clistributiorl lveakl1'

clepencls on tlre parity of tlre rvarre packet, its cxcitation energl, or - for states |lrat are a linear
corrrbirration of cigerlr.alires - tlre selcctiotr of a statistical nretłrod of tlreir trrixing, Horvever. researclr

on tlre iso|ope 256 Ftrr short,ed tlrat - in tltc case of positirł: parity states l1.|1g ą|6yę the flssiorr barrier.

lyitir tlrc itrcreasc of the level energy, in tlre obtainecl rrrass clistrił.iutiorr tlre probabilitv of observitrg

synrnretrical fragnrentatiott ittcreases. rvlriclt is consisterrt rvitir tlre experinrerlt. Firrallr'. it słrould be

notccl tlra| rrrass clistriblrtiolrs obiairred itr a clvnalrrric approaclr contilined tl,itlr the nrethod of Brosa
are in a bettelr agreetrrcnt rvitlr experilnental clata irr cotrrparison lo t}re clistributiorr t,estliting frotrl

onl5, trracroscopic arialyzes. T}rrrs. it }ras been proved tlrat clynartric elfects al,e an irrclisperrsal,ile aspecl
ftlr unclerstarrding tlre trłechanistn of tllass dirrisiorr in tlre fissiorr process.
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