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In recent years a great attention has been paid to the study 
o f the f ragmentation of the simplest nuclear exci t at i ons over 
many nuclear levels at intermediate and high excitation ener
gies. It is well-known that the fragmentation of fe\~quasipar
t icle states plays an important role in t he def i ning many physi
cal l y observabl. quantities such as the spreading wi d th o f giant 
resonances, the El - nnd Ml - radiative strength func t i ons, the 
neutron s trenrlh (ufwtions, etc. Thi'lt is why the study of this 
phenomenon hn~ r1lY~d much interes t of both experimenters and 
t heoreticians. Till 1'1 [eclive tool for the experimental investi 
ga t ion of tIlt' nn ( -quasiparticle state fragmentation i n odd-mass 
nuclei. i s tilL om'- nucicon transfer r eaction . In the stripping 
reactions of llw (d.p) -type the particle states are popu l ated , 
and i n the pick-up f"(·nctions of the ( d.t ) - t ype one can observe 
t h e hole st renAlh s . 

During tl'" lop.! lime the f r agmen t atio n o f few- quasipartic1 
components of lll(' W::JV(> funct ion s of nu c l ei is exte nsively studied 

•2in the f rarne- wnrk o f the qua sipa r tic le-phonon nuclear mode l /1 

To de sc ribe lilt' process o f f ragmenta t ion th is model suggesls t o 
emp l oy t he mech3nism uf the i nte r ac tion of qua si pa r t i c1es wi t h 
phonon s which an' Vf'ry i mporta n t i n t he s tudy of the structure 
of l ow-lying lIourn l (Il ional s t a tes of atomi c nuc l ei. Within the 
model , i n re f . 3' L1l e r e have been e sta bl ished the genera] regu
lari t ie s of llll' j ragmcn t a tion o f s ingl e-partic l e s tates in 
d e formed nuc l ei which s how that the fr a gmenta t i on esse ntia ll y 
depends on tl l(> PO g i li on, quantum numbe r s of t he s ingle-part i cle 
sta te and on the c ha r ac t eris t i cs of c o l lect i ve exc itation s. I n 

/ 4 1 ref . t he Jl'p~ndcnce of fr agmen tat i on upo n the nuclear shapes 
is investiga tt1d. It i s s hown t hat, as a r esult, s uhs llf..' l1!-> wilh 
orbita l momenta f::. 2 i n deformed nuclei a r e fragmented stron
ge r t han in spherical one s. I n ref. 15' t he fragmentatio n of 
va r i ous subsho l Is i n t he ra r e-ear th nuclei i s {~ .J l cul.,tcd. The 
ca lcu l a ted p i ct u r e o f the stre ng th d i s tributions i s i n sa ti s 
f ac t ory agreeme n t with t he ty pi ca l be haviou r of the ('ross sec 
ti on of nucleon tra ns f e r reac t ions for this region of nucle i . 
I n r e f . ' 6 t he fr agme nta tion of low-spin si ngle- particle nega
t i ve parity states in the i s o tope s o f tungsLen a re i nve s t i ga ted. 
The mode l de scri bes r ather we ll s ome observed a noma l y i n the 
cross section s o f ( d. p ) r e ac t ions in t hcs(> nuc l ei u s i ng a fu 
ther small limitat i on on t he s i ze of the hexadecapo l e de f orma
tion of both til e ne utron and proton s chemes . 
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In the 
lying and 
and 2g 712 
mentation 
nucleus. 

present paper we s tudy the damping of several high
l ow- lying neutron subshells such as 3р 3 12 , 1i 1112 
, 1j 1512 in the 239U. We also calcul ate the frag
of а large number of proton subshells in the 23 7Np 

The model and methods fo r solving its main equations were 
described in ref. ' 31 . In this paper we write out onl y the for
mulae reJ:uired fo r the understanding of the obtained results. 
In ref. 31 it was shown that the fragmen t ation of one-quasi
particle states in deformed nuclei may Ье studi ed within а sim
plified model. The wave function of the nonro tational state 
with the angular momentum projection into t he nucleus symmetry 
axis К and parity " of an odd-A deformed nucleus has the 
form: 

11 1 i + i ++ 
Ч' . (К ) = -~!~Срара + ~D (aQ) }'1'0 , 

1 ,[2 а Р g g g 
( 1) 

where '1'0 is the wave function of the ground state of а douЬly 
even nucleus having one nucleon less than the studied one; i is 
the number of the state, g : vЛ~j , j being the number of the 
root of the secu1ar equation for. the one-phonon state of multi
polarity Л~ . The set of quantum numbers for any single-partic
le state is denoted Ьу (va) and for states with fixe d К" Ьу 
(ра) with а=+ 1. The wave function (1) is normalized to 
unity. The structure of one-phonon states is calculated in the 
RPA . The quantity (С~) 2 is de termined f r om the wave function 
normalization (1). The secular equation for defining the ener
gies 77i symbolically can Ье written as 

F (77 . ) ~ О. 
р 1 

(2) 

То descr i be highly excited states within the model .the pho
nons of multipole-type with Л = 1, ... , 7 as well as а large 
number of phonons of each multipolarity are taken into account. 
Alongside with the known low-lying collective quadrupole and 
octupole phonons we consider таnу weakly collectivized phonons 
as well as high-lying phonons like the giant resonances. The 
phonon space of the model is large enough and the good descrip
tion of the density of highly excited states 171 proves its 
completeness. 

We determine the single-particle fragmentation in deformed 
nuclei using the direct calculational method of averaged cha
racteristics without а detailed calculation of each individual 
state. Following refs. 131 , we construct the s~rength function 
of the energy distribution of the one-quasiparticle state р in 
the form 

2 

"" 

"' 

2 . 2 
Ср(77) = ~ ( С~) p ( 77 i -77) 

1 
(3) 

averaged with t he weight 

1 ~ 
р ( 7) -7)) =- -------- • 

1 211 с 77 . _ 77 ) 2+(М2)2 
1 

(4) 

The energy interval of ave raging ~ specifies the type of 
representation of calculational result s . The с1юiсе of ~ is 
discussed in ref J 31 ; here we take ~ = 0.4 MeV . One can writ e 
(3) in the form '3/ : 

с~ (77) = .1.. Im ! --1-- J. 
" Fp(7J + iM2) 

(5) 

In the simplified model t11e function C2(r1) - р 
has the follow-

ing form: 

2 ~ Г(77) 
с (7)) =- - -·---- --- . 
Р 2w 2 2 2 

( f(p)- у(77) -.,.,) + (М2) Г(.,.,) 

w11ere f (р) 

г (7)) = 1 + ~ 
g 

1s the ene r gy of the one-quasiparticlc s tate 

г2 
Е_! 

(p(g)- .,.,)2 +(i\/ 2)2 

2 
у(.,.,) = ~ Гpg(p(g) -11) 

g (р (g) - .,., )2 - ( м 2) 2 

(6) 

Р and 

(7) 

(8) 

Here p(g) = с (1 ') + w л~j is tl1e cnc r gy of th c quasiparticle @ 

phonon state, Грg defines the iпt e rac ti on of s t ates р and v 
through phonon Л~j 

With the st r cng th di s tribution of th e si ngle-pa rti c l e state 
с: (77) we can now ca l cul ate the fragmentation of the spherical 
subshell denot ed Ьу the quantum numbers nfj over many nuclear 
levels in а deformed nuc l eu s . It is known that the static defor
mation resul ts in а splitting of the subshell nfj on j + 1/2 
suЬlevels with the momentum projec ti ons into the nuclear sym
metry axis К= 1/2, 3/2, ... , j . The subshell strength is 
spread over many single-particle states with different К . Every 
single-particle state р comes in thi s distribution with the 
weight determined Ьу the expansion coefficient ар~ of the 
single-particle state wave function Фрк of the naxial-symmetric 

~ - ·" 3 
у 

1 
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Saxon-Woods potential in the shell functions Фn~ 
symmetric potential 

ф рК 
Р К= n1j .а nfj ф nfj • 

of spherical-

(9) 

Thus, the subshell nfj strength comprises all these state 
strengths taking into account their fragmentation due to the 1n
teraction with phonons. The subshell strength function has the 
form 141 : 

snf/77) = Jк <<~ )2 С~(77) (10) 

with the normalization condition of type 

~ ( рК 2 . 1 ., а f· ) = J + - • 
рК n J 2 

( 11) 

То compare with the spectroscopic data obtained in experiments 
in spite of Snf/77) one must use for the reactions of (d,t)-
type 

рК 2 2 2 
S nfj (71) = k (anfj ) vp С Р (17) 

рК 

and for the reactions of (d,p)-type 

S nfj (71) k (ар К 2 2 2 рК nfj) upCp(17), 

• 

(12) 

(13) 

where Up and vp are the Bogolubov transformat i on coefficients. 
It is obvious that 

- = 
Snfj (77) = S nfj (77) +Snfj (77). (14) 

In numerical calculations we use the single-particle energi
es and wave functions of the axial-symmetric Saxon-\voods poten
tial. The potential parameters, pairing the multipole-multipole 
interaction constants, and phonon number are taken from 
refs. / 2,3 / • We have calculated the fragmentations of the 
li 11; 2 -, lj 15; 2 -, 3р 3; ja - and 2g 7; 2 -neutron subshells in the 

239 tT nucleus. We invest1gated the same proЬlem for several pro
ton subshells in the 237Np nucleus. The particle and the hole 
strength functions are obtained for some of these subshells. 

We show the strength functions S nfj (71) for the high-lying 
neutron subshells 2g 712 and 3р 3; 2 in fig.1 and the strength 
functions Snfj (71) for the low-lying neutron subshells 1i11; 2 
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and lj1 5; 2 in fig.2. Figure 1 shows that the strength distribu
tion of 2g 7; 2 - and 3р 3; 2 -subshells inside their strength loca
tion regions is rather uniform, i.e., the distribution is cha
racterised Ьу а large second moment. The strength location 
region of 2g7/2 -subshell amounts to 7 MeV whereas such а quan
ti ty for the 3р 3; 2 - subshell has the range of - 9 MeV. Thus, 
the 3р 3;2 -subshell is said to Ье fragmented stronger than the 
2g 7; 2 -subshell. In fig.2 it is easily s een that the 11 11; 2 -
subshell · fragments stronger than the lj 16; 2 one (the location 
region of strength for li 11; 2 -sub shell amounts to 8 MeV, and 
for the 1j 1 5;2 to -б MeV only). Figu re 2 shows an interacting 
fea ture: the strength distribution of these subshells is charac
t e rised Ьу а big concentration of strength in the low region of 
t he excitation ene r gies . Thus, almost 40% of the total strength 
of li 11/ 2 -subshell and up to 50% of the total lj 15/ 2 -strength 
are exhausted in the region of :S: 2 MeV of exci tat.ion energies, 
whereas , it is clear from fig. 1, only - 20% of the total 
s trength f or the 3р 3; 2 - and up to 30% for the 2g 7; 2 -subshells 
is in the same region of excitation energies. 

Such а behaviour of the distribution of high- lying and low
l y ing subshells strength may Ье easily understood on the bases 
o f the general regularities of fragmentation of single-particle 
s tates in deformed nuclei. In fig.3, we present t!1e calculated 
relative pos iti ons of subshells to the Fermi level in the 239 u 
nucleus (in the right-hand side of energy axis) and in the 237Np 

nucleus (in the left part of fig.3). Our calculations show that, 
as а result, t!1e hig11-lying subshells, such as 2g 

7 2 
, 3р 3 -2 of 

the neutron scheme and 2r 7; 2 , 2d 3; 2 , lh 11,' 2 of the proton 
scheme , concentrate their strength mainl y in some (2 or 3) 
sing l e-pa rticle states lying far from the f e rmi level. At the 
same time the low-l ying subshells sucl1 as lj 15 i 2 , li 11

1
2 of 

the neutron scheme and 1h 9 : 2 of th e pro ton scl1eme l1ave their 
st r eng th concentra ting in several (4 or 5) sta t es lying close to 
th e Fermi level. According to the ge ne ral r egul arit i es o f frag
mentation of single-particle states in deformed nuclei, the 
farther th e state is from the Fermi level the stronger it frag
meпts . That is why such а behaviour of subsh e ll strengtl1 distri
butions is observed in figs.1 and 2. 

We present in figs.4 and 5 the st r e ngth function s S 0~(~ 
for the lh 9; 2 - and 2f7/ 2 - subshe 11 s i n the 237 Np nuc l eus. The 
2f 7; 2 -subshell is the hi gh-ly ing and the 1h 9; 2 -sub shel l is the 
l ow-lying ones. It is c lear that the 2f 7/ 2 -subshell is fragmen
ted stronger than the lh 9/ 2 • 

At the end we show our calculated r esul t s for the spectrosco-
pic factors Snfj (17) for several s11bshells in the 239U and 
237 Np nuclei in the taЬle. These spectroscopic factors may Ье 
experimentally obtained in the nucl eon transfer reactions of 
(d, t) -type. We should like to note that, as it is easily seen 
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The spectroscopic factors 8 0~ for subshells 

Nucleus nfj . 

2 g 7 / 2 

23!1J 3Рз : 2 
lj 15 / 2 

li 11/2 

Зs 1/ 2 

237Np 2d3 / 2 

lh 11 / 2 

1.4, s,h9/2 ( ~) меv -1 

12 

1.0 

0.8 

0.6 

0.4 

0.2 

о 74 

0.31 

0.80 

2.24 

1 .82 

0.63 

1·. 21 

2. 17 

р 

о ~--~2~--~--~-~-~-~--

Fig.4. The fragmentation of 
the lh 9 ; 2 -subshell in the 
237Np nucl-eus. 
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Fig.Б. The fragmentation of 
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23 7Np nucleus. 

up to excludin$ the contributi
the fмnction S nfj (17) . These 
the Snfj (17) -functions. Thus, 
of the nfj -subshell it is 
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( d,t ) - reac tion but a l soneces s ary to use not only the 

the ( d,p ) -react ion. 

The a uthor is deeply i ndeb ted t o Prof. V. C. Soloviev and 
Dr. L.A.Malov for useful dis cussion and hel p . 
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HryeH A1iHb BliHb 239 237 E4-85-446
3aTyxaHt-le cmepnlJeCKHX nO,[loGonOqeK B a.u;pax U H Np 

H P<l~l1(,'IK KH:I'l1t 1lcl:nJ'lnO-t!I"!iC1JIHll(' ~10HeJ1H flAPa paC~HITaHa !jJpar 
~JeHTal{I11{ pSl,[la aeJ!'I'pOHIIbIX Ii npoTolIHblX BblcoKonelKallUi'X H HH3Kone
lKatlIRX nogo50nO'ieK 6 flgpax 23\lU H 237Np. PaCC4.li'l'aHbl cneKTpo
C.1<OflJflIeCKRe tjJaKTopbl lUI" 31'L1X nO,[lo50nO'leK, J(OTopble MorYT 5blTb 
nony4.eflbl 11 peaKlllUl "YKJIOIllMX nepCAB'I THTIa (d, t ) 

Pa~o'ra nhm')[1lIr~ II:J II Jl'::U"h1pn'l'OPlfH 'Teope1'li4ecKol1 I}!H911KH OHID!.. 

Coo6~eHKe 06~CWIHeHHoro HKCTHTYTa R~ep~x Hccne~oBaBHA. Dy6HB 1985 

Nguyen Dinh Vinl! E4-85-446 
Damping of Sphericn.! SlIhf;hells in the 239 U and 287Np Nuclei 

The fragment<)!: i Oil of sC'vcra l neutron and protoD high-lying 
and low-lying SUhHhcl Is in the 239U and e37 Np nuclei is cal
culated within the 'lllilSipartide-pbonon nuclear model. The 
speclroscopic factor rur Liles!! subshel ls are obtained. They 
may be observed in tIll! nuC'll'(11l transfer reactions of the (d.t) 
type. 
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