


1. iIn’troductionfit L

: The most 1mp0rta.nt degrees of freedom Wthh a.re necessa.ry to descnbe the
i ,1ntera.ctlon of- two nucle1 are the d1sta.nce between the centers of colhdlng nucle1 R

T mass a.symmetry degree of freedom n= (A; - Az) /A (A1 and- Az are mass numbers

Therefore the Hamrltonran of d1nuclea.r system should depend on these dynamlca.l

2

i,; L S varlables The 1mportant 1ngred1ent of the Hamlltonran is a.n 1nert1a tensor There

: i';"a.re dlfferent a.pproa.ches to ca.lcula.te 1ts va.lue These a.pproa.ches mamly use the

il of nucle1 A A1 + Az) a.nd a neck ra.drus or other cha.ra.ctenstlc of a neck 1- 6) ST

cra.nkrng expressron a.nd perform ca.lcula.tlons in drfferent smgle pa.rtrcle basrs In' AN

' refs.” 2~ “) the ca.lcula.tlons ha.ve been done us1ng a.dla.ba,tlc two—center shell modelv co

e ‘7 8) by explortmg the dla.ba,tlc two center shell model In refs 9 12) the mert1a tensor ‘i '
o f,lha.s been found in the fra.rnework of the hnea.r response theory us1ng qua.sl adrabatlc i

) "two center basrs Inertla. tensor\obtarned in terrns of the adra.ba.tlc representa,tron 1s" :

: grven in refs

The ya.lues of ma.ss pa.ra.rneters a.nd thelr dependence on dyna.mlca.l va.rla.bles o

rf?consrdera.bly 1nﬂuence dyna.mrcs of the dmuclea.r system For 1nsta.nce, in refs -n, 12) .

j‘.."of n= mode transforms mto the kmetrc energy of the radlal motlon and system',

o ‘a.pproa,ches to the ra.dla.l potentla.l ba,rrler wrth the 1ncrea.se of . Asa consequence,“

'

ae f‘ ,the stabrhty of the dmuclear system for large mass asymmetry decreases and the B

o productlon of hght 1sotopes 1ncreases

e basrs The approa.ch ba.sed on the d1ss1pat1ve dra.batrc dyna.mrcs ha.s been rea.llzed 111 - 5 S

1t wa.s shown tha.t the nondla,gona.l component of the 1nert1a. tensor descnbrng the e

. motlon m the R n plane 1ncreases s1gn1ﬁca.ntly w1th mcrease of mass a.symmetry s

Due to the couphng of R— a.nd 17— modes of mot10n the pa.rt of the k1net1c energy,c. :

The nondlagona.l component of 1nert1a. tensor pla.ys a.n 1mporta.nt role in' the e

N ‘evolutlon of the drnuclear system However, 1ts dependence on vanous dyna.mrcal OE

g ,vanables makes the computatrons very. cumbersome To obtam the results in a

"r,ffsunpler wa.y, we develop in thls pa.per a s1mple and ma.mly a.na.lytlca.l method to ﬁnd‘ L

the components of the mass: tensor for a dlnuclea.r system i

o : Th€ paper is orga.nlzed as follows In sect 2 we obta.m the general form forj




1nert1a. tensor a.nd drscuss some useful relatlons In sect 3 the deﬁnltron of neckk o
s 1ntroduced The srmple a.na.lytlcal expressrons are obta.med to calculate mass

parameters bOth macrOsc0p1ca11y and m.lCroscoplca,lly The results of calculatlons R >

-are Presented in sect 4 o

1.“:,"2'.;Inerti'a tensOr : " ;

It ca.n be shown

1") tha.t the nuclear Hamlltonran of the general type wrth the

two—body forces "»7 o

Usmg egs. (4) (6) we can represent the k1net1c energy pa.rt T of the tota.l Hamrlto-

nla.n 1n terms of the functronal derxvatrves of p

| 7,1_‘*“/ &y (”( )6 (l) ok (”( )sp(r>)l

A e s N <n[[H,q,]|0 >< 01[11,q,1|n>
,,22 :

ln wha.t follows we shall use’ the expressron (7) to derrve the 1nert1a. tensor for the L

s l collectrve motron of two centel system We assume’, that the densrty p depends on

4 - " Some number of collectrve varlables qJ wlnch a.re deﬁned by the rela.tlons ‘

wh:ere g_,( ) are functrons requlred to derrve q_, Then, w1th the expressron for the

functronal derlva.trveas grven below l ; ST e “' R

i E“— Lo O

g we obtam the kxnetlc energy term as

Ea / drp vg,(r)Vg, (r)~—

_ ,- rﬁ o ity o
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: V‘ A1+Az e “ b
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! we can rewrxte the formula (11) m the followmg wa,y

) 3— < 01 Evrg,(nm.a, wo>. )

If the nucleon—nucleon forces are velocrty mdependent then ':

e ‘),,' = 22 <Olay ,[H allos o w)

T mZ(Eo~E )<n|q,|o >< 01q, |n> ST (i2a) -




correspondxng energxes Eo and E
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' Wthh is sa.tlsﬁed 1dent1cally because of (14) g e
From eq (16) we ca.n express matrlx elements B.u’ in terms of ma.trlx elements

(B ) _u, and V1ce versa For example '1f the relatlve drsta.nce between the fra.gment-_: ;‘

centers R and mass asymmetry para.meter 77 are ta.lien as the collectrve va.rla.bles,'vi,;

i then, a.ll the components of mertra. tensor a.re :

: /~ \ (B-l)ym 1“ A;v; JE L S
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o ‘BRn: (B ‘)rm(B ‘)RR—[(B ‘)Rn]z-’“ N (170) = .

@ l)m(B BENCEE 1” e n e

(B)my - L - i

: 'for gR and g,, deﬁned by the equa.tlons :

‘A Fragment mass numbers are deﬁned by the relatlon as glven below

$ ;“ * For (B"‘jﬁ,, to beks‘miall,' above,compOnents (17)v‘can'bee>/cpressed asj;'

(B_I)Rn
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o The solutlon of eq (16) as glven by eqs (17), leads to the follow1ng useful relatlons
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5 Let us ﬁrstly cons1der a.s collectlve va.rla.bles the rela.tlve dlstance R between the

fragment centers and the mass asymmetry parameter 7] For well separa.ted frag- s

. ments we get the usua.l deﬁmtlons of R a.nd 77 if we substltute 1n (8) the express1ons

o

0(—2))

“g;: l(a(z)

v

: Here z is the axxs connectmg fra.gment centers and 0 i the step functlon The z= 0 L
st the p01nt where the dens1tles of nuclel are equa.l to each other From (18a) 1t ‘b" R

- "follows that

A S

‘ h ' gR_z (012:1) a(_;:_)) : | (180) =

: x i ! A( ) = /drp(r 0(:!:2) (19a)




tage we shall use ‘asa ba515 the smgle part1cle wave functlons of the nonmteractmg

nuc1e1 1e prolectlle (tpl) and target (cpg) Thus, takmg 1nto account the small

overlapplng of the colhdmg nucle1 p can be wrltten as.
N PRI Ce \. :

s
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Assumlng the chaot1c1ty of the phases of the nondlagonal matr1x elements of p and -

. neglectlng thelr contrlbutlon we obtam from (26) G

of the harmomc osc1llator wave functlons we have taken the value 19) V= (0 9A1/ 3.

/0. 7) - fm : wh1ch reproduces the systematlcs of nuclear radn We have used b= 0 8 k

- fm in our calculatlons The dependences of A,.,ck on n at R R1 + R2 + d (R1 2 =
l 15/11/3 fm a.re the nuclear radu and d = fl 0,2 fm) are presented m ﬁgs 2 and 3. fl

» ;4““ It is seen that the nucleon number 1n neck decrea.ses w1th mcreasmg 7. The values

: of Am,ck are larger at smaller R ie. A,.,ck ls proportlonal to the overlapplng volume

e of nuclel 1n contact

. 2
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- ues of fragment separatlons R =

o dashed llnes, respectlvely

f ‘Flg 2 Dependence of A,mk on,{"» :

';ma.ss asymmetry 17 at varlous val-;"

e _R1 + R2 + d for the system’\.‘, ‘ :
» ‘.‘;v.53N1+58N1 The calculated results E: ;
» 'qifat d -:—l 0 2 fm are presented“iﬁfw
n,{.‘.by solld short dashed and long’:' :

b

of the elements of 1nert1a tensor However, the obtalned results g1ve posS1b1hty

B

var1 ables

4. Results of ,c’alcunatisg;‘s 3

To 1llustrate the results of the prev10us sectlons we have cons1dered the systems

58N1+58N1—-r“6Ba and 118Pd+“8Pd—-r"’36U The components of the 1nert1a tensor :

are calculated exp101t1ng the expressmns (17) (22? (25) and (27) Usmg the smgle

partlcle wave functlons of harmomc oscnllator in' the cylmdnca.l representatlon, the

matrix elements in (27) can be obtamed analytlcally For the frequency parameter i o

(22) (25) and (27) in numerlcal calculatlons allows us to obtam the smoothed parts .
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1. Flg 3 The same as. lIl ﬁg 2 but
P

for the system 118Pd+“8Pd
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The mass parameters B_,_,: calculated as functlons of 17 for varlous values of the ;

fragment separatlon R are presented in ﬁgs. 4 and 5 The osc1lla.t10ns of the values '

)

of mass parameters whlch are seen in’ ﬁgs. \4 and 5 are the consequences of the

X

nuclear shell structure. The values of B and B.,., mcrease thh 1ncreasmg 7. In the




asymptotlc llmlt when R — oo the components of 1nert1a. tensor go to BR,, ;—v 0

"BRu — 0 B,,,, —v oo, Bw a oo and BRR . ,u The 1nﬂuence of the 1ntr1n51c

'bdegrees of freedom on the radlal motlon becomes vrsrble w1th decrease of R s1nce :

BRR 1ncreases as compared to p

llllellllll

05 ..

E :’v Flg 6. Dependences ;
;."of ratlos BR,,/ BRRB,,,,
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It'i 1s seen ‘that the va.lues of B m and B o are not too 'd1lferent The'chatn\gei ‘

‘of collectlve varxa.bles depends on’ the 1n1t1al veloc1t1es of these modes of motlon,'. L
‘the values of: ma.ss pa.ra.meters a.nd the correspondlng gradlents of the potentlal
energy surfa.ce.v So, there is'a poss1b111ty of a’ sma.ll growth of a neck size durlng:

the evolutlon of the dmuclear system In thrs case the nucle1 formmg the dmuclear p

system retain the1r 1nd1v1dua.l propert1es 2, 21) The results obta1ned are 1mportant ‘

; <
iyt D

‘-trjj-lBRu]/\/m on mass a.sym- o
‘::‘metry 17 at~var10us values 'of frag-\;"' S
vyment sepa.ratlons R Rl +‘R2+d" i ‘
‘_or the system 58N1+58N1 Thev‘"

‘ calculated results at d —‘—1 0 2 L
fm a.re prese’nted by sohd short,\,x’

sdashed and long dashed hnes, re—“ - i

: for the descrlptlon of the nuclea.r fus1on process because the con51derat10n of the neck

formatlon 1s necessary to 1nvest1gate the dlnuclear system transmon to mononucleus.

s w'« . e

Flg 7 The same as in ﬁg 6 but
. for the system 118Pd+“8Pd it

motlon vamshes However, the va.lue of the ratlo BR,, / ,/BRRB,,,, (ﬁgs 0 7) mcreases,

I
51gn1ﬁca.ntly w1th lncreasmg mass asymmetry 17 and can approach to 0. 4 in the ln'mt‘

: ‘7= L ThlS beha.v1or of BR,, is 1n agreement w1th the results of refs. », 24) The o
condltlon Br, << ‘/BRRB,,,, is not correct for strongly asymmetrxc dlnuclear systems"

- a.nd the nondlagonal components of the 1nert1a tensor should be taken 1nto account o

The couplmg between R—— and 17 modes of motlon can be the reason of the enhanced EN

s - yleld of llght partlcles in fus1on—type reactlons observed 1n the expenments 2021, 24) :




- The role of the couphng between R—- and v modes of motron xs consrderable as" -

well (ﬁgs 6 7) So, all components of 1nert1a tensor are necessary to descrlbe the S

’ evolutlon of asymmetnc d1nuclear system f". = ‘: . f T

LT I—»" f’/‘,k'

On the basrs of approach suggested above the general expressrons for the dlagonal
and nondragonal components of mertla tensor, descrrbrng a drnuclear system formed

in the d1ss1pat1ve heavy ion colllsrons have been obtarned The der1vatron is based

“on'the nuclear Hamlltoman of a general form The results obtamed conﬁrm the con- e

S

o ‘clusron of refs 21 22) that the nondlagonal component of rnertra tensor connectmg
R— ‘and r]— modes of motlon 1s small for almost symmetr1c conﬁguratlons but it

yrncreases strongly 1f mass asymmetry 1ncreases Thus 1t 1s xmportant to take mto

N account the nondlagonal matrrx elements of the 1nert1a tensor to consrder dynamrcs o

o .of the strongly asymmetrrc systems However for almost symmetrrc conﬁguratrons
o the condrtron BR,, << ,/BRRB,,,, is: ]ustrﬁed 4) The results of tlus paper ‘can be ‘

useful 1n the consrderatron of nuclear fusron process
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