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Si nce the i n i tia l observati ons of deep-hol e s tates i n neu t
ron pi ck- up r e a c t i on s i n t he early 70th / 1/ t he one-nucleon 
t r ans f e r r e a c t i on ha s been wide l y used t o s tudy the high- ly i ng 
si ng le- pa r ticle (or sing le- ho le) st r engt hs in med ium a nd he avy 
nu c lei . Very rap i dly a growing amount of expe r i rne n t a l dat a ha s 
been accumulated an d new exc i ti ng fe a t ur es o f nuclear exc i t a
tion s pectra have been found. I n the pr ot on pick-up r eact i ons 
t he deep-ho le pr oton s tates have be e n observed / 2/ and i n t he 
prot on st r i ppi ng rea ctions t he hiRh-ly ing si llg l e- pr o t on s ta t e s 
have been f ound I :l / . Now, t he h i gh eru-r gy re so l u t i on gives a 
possib i lity of s t ud i ng th e f ine s t ruc t uru u f exci ted r e sonance
like s t ructures, and us ing a po l a r i zed i nc ide nt he ams expe ri 
me nt e r s ca n make unambi guous sp i n ass i gnments to it. 

So , the one-nuc leon t r ans f er r e act i ons a t h i gb ene rg ies made 
i t po s s i b l e t o i nvestiga t e t he new ki nd of nuc l e a r e xc i ta t ions 
whi ch one ma y c a ll "gi ant si ngl e-pa r t i c l e (o r s i np, l e-ho l e ) r e
sonances " . The s e g i an t re sona nce s a r e t he r e s pons e of a nuc l eus 
on t he ex te r na l f i eld ac ti ng on i t s s ingl e- pa r ti c l e degrees . 
The compa ri s on o f t he expe r imental dat a wi t h t he pr ed i c t i ons 
of di f f e r en t t heore t i ca l model s helps us t o check our knowl edge 
on the overage nuc l ea r f i e l d and on t he mech an i sms r e s pons i b l e 
f or the s pr ea d i ng of the s i ng l e- pa r t i c l e s t r en gth in nucl e i . 
On t he othe r han d , t o ex t ract t he s i ngl e- pa rt i cl e (o r hol e ) 
s t r e ngth f r om a n ex pe r i mental c r os s - sec t i on it i s US e f u l t o have 
s ome t heo re t ical pred i ct ions a bou t t he f r a gment :J t i on o f h i gh
ly i ng nuc l e a r sub sh ol l s bec au s e t he i r s t r eng t h d i s r r i bu t i ons a re 
over l apped. 

One o f t he l a s t e xno r i me nr a l ac h i cveme u t s i s t he ohse rva t i on 
f h i gh- l y i ng s ing ll' ne utron , ~~ates i n t i n is o topes wi t h mas s

numbe r s A= 11 7 , 119 an d 12 1 . Ana l ogous e xperime nts for the 
target - nuc le us 90 Zr , 144 Sm. a nd 208Pb a r e now i n progre s s '5 / , 
So , we try t o c a lcula t e the st r e ng t h f unct i on s o f t he s e h i gh
l y i ng s i ng le- ne u tron s ubshel l s i n t he co r r e s pond ing N- odd nuc
lei. For t he t i n i s o t ope s we compa r e our r e sult s wi th t he ava i 
l ab l e ex pe r imen t a l da t a . 

We use the quas iparticl e-phonon nuc l e a r model an d t he s t r e ngt h 
fu nc ti on met hod in ou r calcula t i on s . The quas i part i c l e- phonon 
nuc l ea r mode l (QPM) has be en expound ed i n de t a il i n a s e r ies 
o f rev i ews /6-9! The resi dual NN- i ntera c t i on i n t he qPM cons i s ts 
o f t he trad i t i ona l monop ol e pa i r i ng i n t e r a c t i on s i n t he part i c l e 
pa r t icl e cha nne l and separal?}~ ~u lti po l e a nd sp in-mult i pole 
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interaction in the particle-hole channe l . The particle-hole 
interaction is isotopically invariant. It is well known now 
that damping widths of giant resonan ces and r esonance-like 
structures in nuclei a re du e to the coupl i ng of simple nucl ear 
modes (in our case - single-particl e modes)with the complex con
figurations. The coupl ing with l ow-lying surface vibrations 
plays the key rol e in the spreading of the stre~ths of simpl e 
excitations / 8 · 1 11 . But our previous studies 19,10 have shown 
the importance o f the coup l i ng with co l l ec tive phonon excita
tions at intermediate ene rg ies (e. g., M2-resonance or LEOR) 
to de scribe the fine s t r uct ur e of t he s t reng t h distributions. 
In the framework of the QPM we t ake into account the interac
tion of single-particle states wi th all types of phonons: low
l ying vibrations, co l lec t i ve phonons o f intermediate energi es 
and noncoll ective phonons (i. e., a l mos t pure two-quasipar ticl e 
states). We should like t o stres s that t he quasiparticl e-phonon 
interaction is ca lcu la ted microscopically in the f)PM.H qp h 
The interaction depends on the char a c t e ris t ics of phoHqph 
nons which are ca l cu l a t ed i n the RPA and on s i ng l e-pa r t i c l e 
matrix elements of residual part i cl e- ho l e i nt e r ac t i on . In terms 
of the creation and annihilati on ope r ators of quas iparticles 
and phonons (a j: , aJm and Q{IlI' Q A/Ii ) th e ope ra t or HqPh has the 
form: 

(A) (- ) 
rn: v jj ,

1 + A-IL 
- -- l I(Q A I (-) + QA- I ) l ---B(jj 'A - Il) -r- h.c.] •Hqph = 

2 .J2 Aill Il Il jj'r v' ~lAI (I)r 
J ' +m' 

B(ji'A-Il)= l H < jm j 'm 'I A - Il > a~ a " " (2)
jrn J-m mm 

where r;A] is r educed singl e-par t i cl e matrix e l ement of the 
12 H 

operator r(r)YA *; v :., = U " U j - V" V j (Uj,V j - th~ coeffi
c ien t s of Bogolubov,~Jtradsf orma£ion). The f ac to r ~A1 is nor-

r 
malizing factor in the one - phonon wave function. There are two 
o f th em for each phonon: one fo r t he neutron part of t he wave 
funct ion (r = n ) and th e other for the proton one (r = p) . 
The factors ~AI depend on the collec t i v i t y of the phonon Ai, 
The values of r'!JAI a r e small fo r the co lle c t i ve phonons and r 
large f or the noncollective one s . Not e, the same isotopic in
dex r as in '~I is includ ed in th e s i.ngl e-rpa r t i c Le quantum 

* In this work f(r) = dU/dr a nd U den otes a central part 
of the Saxon-Wood s poten t i a l. 
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number j = n f j r . One ca n s ee f r om ( I ) t hat H qph coupl es t he s ta t e s 
whic h di f f e r f rom eac h other h y one phonon , i.e ., 

+ IjI [ + Q + ] 'I' . 
a J M 0 .. ajm All I JM o ' 

[a :~ Q + 1 IjI ~.. la: , [ Q+ Q + , J ] 'I' 
j rn All I JM 0 J ID AI IlII I A2 / 12 1 IMI JM 02 

Whe n ca lcu l ati np, t he mat r i x e l emen t o f H qph we don '~ t ake i n to 
a cc oun t t he anha r moni c corr ec t i ons f or t he phonon exci t a tio ns . 
IJe be l icve t he se cor rec ti ons a ffect 51 i ghr l y t he fr a gment a t i on 
o f h i gh- l y i ng s i ng l e- pa r t i cl e s t r eng t h , Horeover we use a spe 

ial approx i mate proced ure t tl pre ser ve t he v io l a t i on of the 
Pau l i pr i nc i ple i n th e compl ex compone nt s o f our mnde 1 wave 
f unc ti on . IJe have stud ied al l t he s e ef f ec t s co r rec t ly in 
re fs . /\l.12.1~/.Bu t t o so l ve nume r i ca ll y t he fu ll se t of equa
tions o f t he QI"I ' 13 ' [ or h i gh- Ty i ng s t at e s in odd -ma ss nu c l e i 
i s a heavy computa tional p r ob lem. At pre sent we lise t he mod e l 
wave f unc t i on wh i c h cons ist s o f one-quas i pnrtic le , "qua si pa r 
ti c l e 0 one - phonon" a nd "qua s i par t i c l e 0 t wo pho no n s " componen t s 
a nd sol ve s impl e r s et of equa t io ns t ha n i n r ef. : 13,' ( s c e , r e f. ' 12~ 

We t a ke in to ac coun t t he co up l i ng o f an odd- quasipa r ti cle with 
a l l t he pho non s wi t h momen t a a nd pari t i e s A" = 1±';'7! a nd exci 
t a t ion ene r g i e s l e ss t han 20 ~eV . 

He don't ca l cul a t e t he ener gy a nd wave func ti on s t ructur e 
o f each o f t he n urne r ous h i gh-l y i ng excited state s . Ins t ead we 

a l cu l a t e th e si ng l e- pa r t i c le s t r eng t h func ti on C~(E x ) whic h 
de sc r i be s t he d epe nde nce of t he smear ing on t.he c ne r r,y i n t e r 
val Ii t he sq ua re of one- quas ipa r t i c l e nrnpl i t ud e C1 on th e 

xr i ta t i on ene rgy E . The s t r e ng th funct i on me t hod has bee n 
u s ed f i r s t l y by Boh r 

x 
and tto t r e l s on 14 

,
f or a sc hemat ic model. 

La t e r t he me t hod l ia s bee n developed for mor e co mplex pr obl ems / If> 
(s ee al so re f. 18 ,9 ) an d no w i t is wi dr- l v IIs l' di ll nuc lea r s t ruc
t u r e ca lcul :J tions 11 . The s treng th f un c ti~n me t hod mak es the 
ca lcula tio n much s impler and t he re sult s mor e obv i ou s. I n th e 
pr e sen t work t o construct a single-neutron s t renRt h fu nc tion 
we use as a weigh t f unction t he Lor ent z funct i on wi t h t he wid t h 
pa r ame t e r Ii = 0 . 5 MeV. 

We have d i scussed the mode l parameters in de t ail i n 
refs. '7 ,8 , 10 / . He r e we dis pl a y i n f i g . I only the part s of s i ng le
neu t r nn sc hemes of the nucle i i n ques t i on . The single-par ti c l e 
energies and wave func tions for a l l t he nuc l e i excep t 209Pb 
arc ca lculated in t he s pher ical ly-symmetr ic Saxon-Wood s po
tent i a l wi t h s t a ndar d pa r amet e r s from r e f s / 16/. The se pa r ame
t ers have been used i n our pr ev i ous ca l cu l a t i ons , The e nerg ies 
of t he levels of t he she l l s whic h a re c l oses t t o t he Fermi su r 
f ac e i n 209P b a re t a ken f r om r e r./1 71. In t ha t pape r t hey have 
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Ih W 2f70- 2d5/2 2 12 29 9/2 
91 121 145 209SrnZr Sn	 Pb 

Fig .1. Par-t-s o f s -ing le- neutron sc hemes in nuc l ei 9 1Z I' , 
121Sn , 145Sm, and 209Pb.The Eermi. level is assumed to 
have z ero enm>gy . 

he en fitt ed i n t he qPM ca l cul a t i on to the exper imenta l da ta on 
t he en er g i e s and one -nuc l e on sp ectros copic fac t ors of l ow- lying 
s t a t e s of t he nucl e i 207,209Pb, 207TI, and 209m . The energ i es o f 
s i ng l e- pa r t i c l e ~and hol e ) states we l l abo ve and be low the Fer 
mi sur fa ce are calcula ted in the S axon-~oods well too . 

We sh ou l d l i ke t o s tar t the d i s cu s s i on of our r e su lt s wit h 
t he t i n i so t ope s. The cl ear ly seen r esonanc e- l i ke s truc t ures 
a t ex c i ta t i on ene rg ies 4-10 MeV have been ob s erved i n t he study 
of t he llB.118,120Sn(a ,3 He) r eactions at 183 "leV inc id ent ene rgy / 4 / 

The mea sur ed exc i ta t ion ene rg i e s and angu lar di st r i but i on s sup
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Table 7 

Exper-ime ntal. do t a row t.heo r e t-ical. veeu l.t e j'01~ the e tir enq bl: 
di nt.ribu trionn of 1i 13 -'2 and Ih 9 '2 -eubehel. l.e i n 121 Sn 

Expe rime n t /4/	 _Th e ory 

C2S	 c2SEm' 11 EX ( :MeV) J"i Em , AEx(MeV) Jri 

. + 9/2Em ·4 .8 9~.05 0.67 Em. 5. 1 9/2- 0 ,12 
<A>	 AEx • 4 ,6-5,6 

1)/2+ 0,21 

9/2- 0,25	 9/2- 0 , 4 

<B> AE · 5. 4-7.0	 .AE ·5.4-7.0x x
13/2+ 0, 16 13/ 2+ 0.20 

9/ 2- 0 , 34 

<C>	 AEx·7.0-1 0 ,O 6.Ex·7.0-10.0 
1)/2+ 0 .27 13/2+ 0 ,39 

Ern - t he enerqu ~fthe oeak ; L\Ex - the ell e}>gy i.nt.evval. foY' 
which the va l ue C S i s f ounded. 

por t t he a ssumption t ha t t hese bumps ari se f rom ne utron str i p
p ing to t he I h 9 / l? and !i 13 '2 orbita l s located we l I abov e t he 
va lenc e subs be ll . l.Jhen t he ma s s number o I t he i sotope decreases. 
t he cen t roid ene rgy and t he s p r ead i ng of the s t r cng ch dis t ribu 
t i on i nc reas es . In t21Sn• the r e so nance- l i ke struc ture consists 
of a s har p pea k a t Ex = 4 .8 9 UeV with a wid th less than I !'leV 
(a range <A> in t a bl e I ) and addi tiona l broader components 
kB > and <C > i n t abl e I) . I n 119.117Sn this narrow peak smears 
an d al most di sappears . The quanti tative data on tile single-neu t 
ron strength distributions are only for lJ!ISn. 

In the one-nucleon transfer r eaction at intermedia te inci
dent energies th e transitions wirh l arge Lr all ~fcr momenta are 
enhanced. 'I'her e for e , at first LlII' s t rvngt hs of the subshe l l s 
with high or-b i t n l morncnt um .1re nx t r ar Led [rom experimental 
cross-sections . In tin i so t.ope s those neutron subshells are 
Ih 9/2 and li l :! ,:? .The~H~ qua s i bound neutron states are located 
in the single-neut ron spectrum very closely to each other. As 
one can see in fip,.2 a nd Lable 2 in our ca lculation the main 
strengths of both the subshe lls are spread over the same energy 
interval 4 ~ E x So 9 MeV. The f r anmenta t Lon of the subshells in 
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n .3 

.2 L /I 1\ 1i 13/
2 

.2 

.1 L 1 \ 1 lJ'' .1 

Table 2117~~t 121
Sn Sn 

Tlw t heore t i ca l character isti c s of t he hi gh- l yi 
N ei.nql.e- neu tiron s t r ength distribu tions 1:11 epherioal.u 

lUte lei ( E i s t he enei'gy cent ro id, a i s t he second 
moment, C 2S i s the par't of the total s t a t e s trengt h 

Ii 13/
2 i.Jhi ch i ,e; exchauatied 7:n t he i.nt.erva l: ~E x ) 

2Nuol eus AE , MeV E, },lIlV (11 MIlV c s x 

2:5 - 13.5 8. 1 1.76 ,0. 93 
2f 7/ 2.4 7.2 - 9. 7 8.4 0.75 0. 55 r n 

91 '7r - lhg lh g/'12 2.3 1113/ 2 

.2 
1h9/ 2 '10 . 7 - 13. 5 11. 9 1. 4 1 0 .51 

.1 13. 5 - 16.5 14. 9 0.9 5 0. 24 

2.0 - 11. 0 6. 9 1. 9 0. 79 
, 

0. 30 3 7 9 11 Ext-JeV 4. 3 - 6.8 5. 0 .5 3 

6. 8 - 8 . 9 7 . 8 0. 53 0. 32 Pi (J . :? :-;" i' cl1gt h [unct ion« of t he Meh- lyin(J neu t von 
i io Lee li1a '2 (Hid il l 117. 12 1Sn. I h9 / 2 2.0 - 13.0 7. 5 2.0 0. 91 

93 5 

2. 19 

1. 22 0.5 

1. 60 12. 6 

12. 1 

11. 5 

5. 5 - 18.5 

9. 4 - 13.9 

7. 5 - 16. 5 

.3 

.2 

.1 

117Sn i s s t r o nger tha n in 12 1Sn to s ome ex ten t. Th i s d if f e r e nc e 
is the mo s t pr om i ne n t f o r t h e s u b s he l l 111 9 '2 . Th e st r engt h f u nc 
tion ma x ima <lye l oc a t ed a t Ex - 57 6 t-leV t her e f ore th e r cl a t iv e l y 
hi gh sub s he l l s t re ng t h s wou l d be obs e r ved her e . So , i t s e e ms 
to u s t ha t t he r e i s a qua li t at i v e ag r e eme n t he t wee n t he e x pe r i 
mental da t a a nd ou r r e sul t s . 

But th e qua nt i t ati v e a p,r e eme n t i s s ornewha t wo r s e (s e e t ab l e 
I ). The mo st st r i ki ng . a l thou r,h not s o i mpo r t a n t , di sagreement 
i s f or t he e ne r gy i n t e r va l < A>. Acc o rd i n p, to t he expe rimen t a l 
i n t e r pretat i on . a t thi s r e g io n a lmost 2 / 3 o f t he t o t a l I h9 ' 2 

strength i s co nc e ntra t ed . The maxi mum of t he t he o r e t i c a l I h 2 
9 

s t r e ngt h f u nc t i o n i s p l a c ed at E x = 6.2 MeV , i . e .• by 1. 3 MeV 
h i g he r t ha n t he expe r i men ta l pea k . Bu t t he r e i s ma i n pe a k o f 
the lip l 2 - s t r e n g t h [ uncti o n (E x = 5 . J HeV) v e r y clo s e t o th e 
exper i.men t a l one . Of c ourse , the a c cur a c y o f t he t h eoretica l 
mode l i s no t h igh enough t o ma ke a d e f i n i t e conc lu s i on on th e 
f i ne struc t ur e of the st r en g th d i s t ribu ti ons o [ h i gh-l y i ng 
s t a t e s . Howev e r , some part o f t he l i l a '2 - s treng th mu st be l o 
ca t e d in t he r e g i on <A> of the s pe c t rum. \Je s hou l d I i k e to 
poin t out t ha t at sca tte ri np, -m g l e s () > 10 0 t h e e xp e r i me n t a l 
angu l a r di s t r i but i on i s c l o ser t o the theo r e tic al o ne c a l c u l a t ed 

6 

1.0 - 11.0 6.7 2. 0 0. 89 

3. 0 - 6. 0 5. 0 0. 57 0.31 

6. 0 - 8.2 7 . 3 0.48 0.)) 

1. 0 - 11. 0 6.8 1. 6 0; 92 

5. 0 - 16. 0 12.3 1.94 0.90 

10 . 0 - 12.6 11.5 0. 46 0.45 

5. 0 - 16.0 10.9 2.46 0. 87 

7. 0 - 10.0 8.7 0.72 0.31 

10.0 - 12.0 11.1 0.46 0. 23 

2. 5 - 15.5 8.9 2 .32 0.94 

2. 5 - 15. 5 9.6 1. 8 0. 94 

f o r t r a ns f e r s P = (I , alt ho ug h a t II < 10 ' the tr ~nsrer s P = 5 
a r e pre f erab l e. 

A mo re i mport a n t d i Rilg r cumo 11I c- o nc c r ns t he wi d e energy in
e rval s ~E . Fr om da t a o f r e f . 4 · 't:lb l l.' I ) i t is s e en t hat x 

almo s t the t ot al Ih9/ 2 - stre ngt h (92 ~; ) i s exhaust ed in t he in
t erva lAE - 2 MeV (4 . 9S E 5; 7 MeV ) . At t he s ame t ime on l y x x 
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43Z o f the li 13/ 2 - s t r ength ha s been obs erved a t wi d er i n t e rv a l 

5 . 4~ E x ~ 10 HeV. Fr om the s e da t a one c an ma ke a conc lu s i on 
t ha t t he li13/ 2 - subshe l l ha s t he exc i t a t i on en e rgy much hi gher 
t han t hat o f t he I b 9/ 2 -subshel l and i s fr agmen ted s t r onge r . 
The s e co nc l usions contr adic t ou r r esul t s . Of cour s e , t he po s i 
ti on s of t he 11)9 / 2 an d li 1S/ 2 - s i ngl e- neut r on s t a t e s hav e b ce n 
cal cula ted i n the phenomeno l ogi c a l po t ent i a l wel l and one can 
tr y to ch ange po t en t i a l parameters t o i mpr ov e t he ag r eeme n t 
wi t h new ex perimen ta l da ta . Bu t t he cJ os e po s i t i ons of t ile s " 
subs he l l s i n a singl e-neu t r on s cheme i s a ru l e f or al l. t he 
nuc l e i in ques ti on (s ee fi g. I ) . Hore~ ove r, so st r ong co ncentra 
t i on of I h 9 / 2 - stren g t h in t he exc i t a tion s pec t r um seems t o u s 
unl i ke l y. 

In v i ew o f t he s e r e su l ts we s houl d 1i ke t o s t re s s once more 
t ha t t o ex t r ac t t he sub she l l s t r eng t hs f r om exper i men t a l c r o s s 
s ec t i ons co r rec t ly i t i s nec e s s a r y t o t ake i n t o a c count t he 
over l appi ng o f t heir dis t r i bu t ions. Tn s ome c a ses t he c o nt r i 
bu t i on o f su bs he l ls wi t h re la tive ly l ow orbit al momen t um num
ber s bec omes i mpor t an t. For examp l e , th e agreemen t o f t he or e
tica l and experimen ta l s t r engt h di s tr i bu t i ons o f t he I h 9 / 2 
and li 13 /2- s i ngl e - pr o t on s t a t e s had be en i mpr oved not i cea bl y 
s i nee t he c ont r i but i on o f t he 2f7/ 2 - suhs ltel l t o t he one - pr oton 
s t r i pp i ng cros s-sec t i on wa s t aken i n t o a cco unt l 3 •1S/ . It me ans 
t ha t i n t he p r e sent c as e expe r i men t er s wou l d take in to a c coun t 
t he 2f 5/ 2 - a nd 2~ /2 -s trengt hs. The c al cul a tions of t he s t rengt h 
f unc t i ons o f t he s e subs he l l s ar e i n prog r e s s . 

The c alcu l at ed s t r eng t h f unc t i ons o f t he h i gh - lying s i ngl e 
neu t r on s t a t es i n 9 1Zr ,14 5Sm a nd 209P b a r e d i s p l ayed in f i g s. 
3 , 4 , 5 . The i ntegr a l chara c t e r i s t i cs o f the s ingl e-neu t r on 
s t re ngt h d is tr i butions a r e gi ven i n t ab l e 2 . Now on l y prelimi 
na r y ex pe rimen t a l da t a on the se s t a te s a re ava il ab l e / 5 / and 
we ho pe t ha t our ca l cu l a t i on s wi ll he lp t o a na l yze the one 
neu t r on s t r i pp i ng r ea c t i on c r os s sec t i on . The r e sult s f or 9 1Zr 
have been pu l b l i sh cd i n r e f ./ 19 / • 

. Ill , 14& 201l I n a ll t hree nuc lei - Zr , Sm an d Pb - an odd neut 
ron i s co upled wi t h even-even core wi th mag i c neu t r on number 
(N = 50, 82, an d 126 , r e s pe c t i ve l y ) . The va lence shells begin 
to occupy and the excita tion ener gi e s of ~ua s i bou nd neutron 

121Ss tates is higher t han in 117 · II • There fore , the e scape wid ths 
of the qua s i bound s ta tes wi t h l ow orbital momentum i.s large a nd 
t hese sta tes are no t shown in f i gs. 3 . 4 , 5. The displ ayecl sub
shel ls have smal l escape wi dths . The patterns o f the quasibound 
part o f the single-neutron sc heme in 91 Zr , 145Sm and 209 P b 
ar e simi l a r , Two subs hell s with high f-numbers · a re located 
c lo se to each o t he r an d there i s a subs hel l wi t h much l ess f 

'" In 9 1 Zr f 6; in l41'Sm r 7 and in 209 p b f 8. 
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Pi g . ;). St Y'cng t.h [unc trione of "T 

~ the hi gh- l y i llg >leut ron sub2: 91s he ll s 2f7 / 2 , li 13 / 2 and Ih 9 / 2 in ---' Zr 
9 1Zr. Al'1°0 tJS poi n t ou t: the w ........
 
ene rqi. e e of t he one-oua e-i.pav -: N

U 
t i c l: e s t a t ee 2f 7/2 ' 1i lS /2 and OJ 2f7/
Ih 9 / 2 2 

0.2F1~g . 4. St r eng th f unc t i ons of
 
the h1:g h- l yi iig neu tJ'mz sub


..,s hle ll s 1i11/:;.ncl Ij15 /2 i n 145Srn. 0.1 

t 1455-:E rn 
N lU .
0.2 11 15/2 0.2 

0.10.1 

I i13/
2 

OJ L f\ li 11/ OJr 
2 M Ih 9/2 

0.21 I \ 0.2 

o.u I \...,J \ 0.1 

I I -1 
7 9 11 13 Ex,MeV 6 8 

number by several HeV below them. Not e , t ha t t her e a r e the 
narrow quasibound neutron s tates wi t h hi ghe r orbi t al momen t um 
i n s i ngl e- neu t r on sp ectra , but th ey ar e l oc a t ed at much h i gher 
exc i t a t i on en er gy. De believe t ha t due to ve ry strong s pr ea 
ding the co rr es pond i ng r esonanc e - l i ke s t r uc t ur e s wi l l be ha r d 
ly obs er vab].e. 

Our cal cul a t i ons show t ha t al l t he su hs he l l s s t ud i ed are 
fra gmen t ed st rongl y . The second moment s of t he stre ng t h d i s 
tribution s art' i n t he i n t e r va l 1.6 ~ o :., 2. 5 MeV. The s t reng t h 
distr ibut i ons o f r hc h i gh-V su b s he l l s n r e over lapped an d t h i s 
e ff ec t shou l d be taken i nto ncr- ou n t i n an a l yz ing exper i ment a l 
data. The e f f ec t o f l:1ll' l ow-I' subs he l l s wi l l be we a k e r t han 
in t i n iso topes bec ause t hey a r e l oc a t ed wel l be l ow t he h i gh - P 
qua s i bound su bs he l ls. 've assume tha t i t i s po s s i bl e to ob s er v e 
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3 5 6 7 8 9 10 11 12 Ex MeV 
P·£:] . fl . :r l " ' ,,'(i t 1, r ' O/c· I, 1:' 1; '; · o f' t.h, 111:r1:-! ! !'iI 1{1 neu tnon 
811/) sh...-l I I; I j 1:1 2 ", , I l k 17 ' ~ 7:'1 ~0 9 Pb. 

t he r e sonan c e-l i ke st r uctu r es whi ch are due t o t h one-ne u t ron 
s t r i ppi ng 0,;1 th e sub sh e l l s 2f7 '2 • 2g g '2 an d 2h 1 1 '2 in 9 1Z r , 
145 5m, and ~o ll p b , r e spect ive l y . 

We are gr a te f u l t o Pro f. V. G.So l ov i ev for t he i n t e r e s t i n 
th is work , Pr of . H. Langev i n- J ol i o t f or f r u i t f ul d iscus sion s 
a nd suppl y wi t h t he expe r i men t a l da t a on tin i so t opes pri or 
to pub l icati on, and Dr. V.Yu.Ponomar ev f o r t l lc hel p i n cal cu l a 
tions. 
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6 06"beAHHeHHOM HHCTHTyTe RAePHbiX HCCileAOBaHHH Hal.lail 
BbiXOAHTb c6opHHK "KpamKue coo6~eHu.R OH.HH". B HeM 
6YAYT noMe~aTbCR CTaTbH, COAep*a~He OpHrHHailbHble Hayl.lHble, 
Hayl.lHO-TeXHHI.leCKHe, MeTOAHI.leCKHe H npHKilaAHble pe3yi1bTaTbl, 
Tpe6yiO~He cpol.lHOH ny6nHKa~""""· 6YAY"lH l.lacTbiO 11

Coo~eHHH 

OH.RI-1' 1 , cTaTb~-t, eoweAWHe a c6opHHK, HMeiOT, KaK "" APYrHe 
H3AaHHR OHHH, cTaTyc o~H~HailbHbiX ny6nHKa~HH, 

C6opHHK 11KpaTKHe coo6~eHHR OH.RI-1 11 6yAeT BbiXOAHTb 
perynRpHo, 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators . 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 
Being a part of the JINR Communications, the articles 

of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 
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BAOBHH A.H., CTOHHOB q, 
CHilOBbie ¢YHK~HH BbiCOKOJieJKa~ HeH:TpOHHbiX 
OAHO'!aCTH'!HblX COCTOHHHH 

E4-85-352 

B paMKax KBa3H<JaCTH<JHo-¢oHOHHOH MOAeJIH HAPa pacC<JHTaHbi 
CHI10Bble ¢yHK~HH OAHO'!aCTH'!HblX HeHTpOHHblX COCTOHHHH C 3HeprHH
MH B036""'AeHHH 7-12 M3B B HApax 91 Zr 117,l21gn 145Sm H 
209 J"' ' ' 

Pb. Pe3yJibTaTbi pac<JeTOB AJIH H30TonoB OJIOBa cpaBHHBaJOTCH 
c 3KcnepHMeHTaJibHbiMH AaHHbiMH. 

Pa6oTa BblllOJIHeHa B Jla6opaTOPHH TeopeTH<JeCKOH ¢H3HKH QIUIH, 

ITpenpHHT O~~eAHHeHHOrO HHCTHTYTa RAepHYX HCCJieAOBaHHA. ny~Ha 1985 

Vdovin A.I., Stoyanov Ch. 
Strength Functions of High-Lying 
Single-Neutron States 

E4-85-352 

Strength functions of single-neutron states with excita
tion energy from 7 to 12 MeV in nuclei 91 zr 117· 121 Sn 145 Sm 

209 ' ' ' and Pb are calculated. The quasiparticle-phonon nuclear 
model and strength function method are used . The results of 
calculations are compared with available experimental data 
fo r tin isotopes. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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