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The interaotion of quasi-particles with phonons in odd-mass deformed nuclei has
been oonsidered in a previous paper 1. A seoular equation for determining the non-
rotational state energy has been derived. It has been shown that this interaotion
leads to the appearance of admixturee in states close to the single-particle omes and
to the formation of oolleotive nonrotational states and oomplex structure states. The
struoture of the groumd amd exoited states of odd-mass nuolei in the region 1534 A< 187
has been invetigated in ref.z. In the present note we give a part of the results ob-
tained in invesitgating the struoture of the exoited states of odd-mass muolei in the
region 2294 A 4255,

The seocular equation determining the energies Zj of the ground and exoited
states of odd-mass deformed nuolei is of the form !
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the oolleotive stlto energies _,., and the quantity Y /{\/l) being caloulated in
rets. J14sd ’ 5(9)"V62*{£{>’)'/‘} ( C 1s the oorrelation funotion, A is the

chemioal potential for an odd-mass nuoleus), % J, %, - 7{7/;) ,l’y'[fp), f—?ﬂj

are the matrix elements of the mulipols moment operator (4/, ) +« The summation over

‘A/ui. is due to that one takes into aooount the interaotions of quasi-partiocles with
quadrupole A=2 , S=Q2 and ootupols A=3 ,f::o,x,2 phonons for the first two
roots i:1,2 of the secular equaions for even-even nuclei, The wave fumotions and
the Nilsson potential energies 6 are used in the caloulatioms. The wave funotion
desoribing the state with a given A7 is of the form:
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where Q /yh) is the phonon operator of multipolarity (/“/") ’ d,‘
partiocle operator, 6 = II, J’ stands for the average field levels with given Ks *s

18 the quasi-

and y for the remaining levels.
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The quantity ) Q‘ determines thov oontribution of the one-quasi-partiole state with a
given and -}C_’:’; (_2’?7" the oontribution of the oomponent with a quasi-
~-partiole in the ) state and a phonon with A/‘U-' to the oonsidered state desoribed
by .Q’/Kl).

The investigations made in ref. 2 for nuolel in the region 151 $4¢187 showed
that the lowering of the snergies ZJ with respeot tok &C(p) and to the first pole
;[uj,wf/" 1s mainly defined by the terms (1) with /\-Zf.-% ce{ and somewhat leas strongly
by the terms with A=3,/v.-0, ¢={ . In some oases of importamoe are the terms in )
with A-2,/.~2,«‘—=2m A=2,/u-o, ied.

In the aotinide region of great importamoe are phonons with /\92,“/’ =0, 6"-1,%:..3,/«:0
and in some oases phonons with A=2, =2/ A -3{/'l=1,2 here ¢ being
unity. In the aotinide region the role of beta-~vidrational and cotupole (/uo)
phonons essentially grew as oompared with the rare—earth region. It should be noted
that the terms in (1) with A>3 and ¢>2 give a very small oontribution since / "/ydd
tends to zero when the oorresponding state of even-even nuoleus apyroaohes the two—quasi-
~partiole one. ' ‘

Baoh value of Kn has its own equation (1), the soclutions for this equa-
tion are the energies 21 > fz y e ' For the ground state of odd-masa
nuoleus 2, (¥.7) assumes the smallest value and the energles of the exoited states
are the differences Z/ (ki) - 9, (ko).

In the oases when the interaotion of quasi-partioles with a beta—vibrational phonon
played an important role them, instead of (1), eq. (13) was solved in ref.Z 1in whioh
the spurious state was exoluded. However, this exolusion 1ittle ohanges the results

of caloulations. When in investigating the states with a given K there are seve-
ral Revels in the Nilsson soheme £, fy -..- Sfa which have &€(% ) &cpr)... €(pn)
olose to onme another then, inatead of (1) a oomplicated seoular equation was solved.
The general form of this equation whioh 15 g determinant of n-th order is given in I and
the partioular oase /t= 2 1s investigated in details in ref. 2. The main role of this
equation is the exoiusion of false solutions for eq. (1) and the determination of the
struoture of relatively high states with a given K.

The interaotion of quasi-~partioles with phonons in the ground state of an even-
even nuoleus 1s taken into aocount, as in ref. 7, whioh leads to the appearance in (¢))
of an additional term without pole. The caloulations performed showed that oorreotions
due to the interaction of quasi-partioles with phonons in the ground states of system

with even number of nuoleons enter the calculations errors and should be disregarded.



The seoular equation (1) has no free parameter. The values of the poles in (1)
are olose to the two-quasi-partiole state energies givenm in rof.a' The analysis of the
solutions of eq. (1) shows that if 2, 1s very olose to £(&) then the state is
olose to the one-quasi-partiole one. If f.z notioeably differs from <& (f)
and the first pole é'()’}f«&*f' then the struoture of suoh a state is very oomplisated
sinoe, in addition to the one-quaei-partiole state, many states with different quasi-
~particles and phonons oontribute to the wave funotion. If 724 18 very olose to the
first pele of the seoular equation then the state 1s oolleotive.

We have ocaloulated the energies of many levels for a large number of odd-mass
nuolei in the region 2294 A4 255, The wave funotions have been found amd the contribu-
tion of the one-quasi-partiole states and of various oomponents quasi-partiole plus
phonon has been oaloulated. As an exaaple, in T‘blo 1l we give the energies of the
237lp levels up to 1 MeV and their struoture ( in per oent). The experimental values

6,9 . Most low-lying etates of 237!1) are olose to the one—quasi-partiole

are taken from
ones, in some states the admixtures are very important and the 5/2 state of energy
0.9 MeV 15 olose to the ootupole one, and the 5/2 state of energy 1 MeV 1s almost
purely the beta-vibratiopal one. From Table I it 1s seen that rather good desoription
of the energy levels of 237!1) ie obtained on whioh experimental data are available and
the position of some additional states is predioted.
The interaction ofquasi-partioles with phonons relatively weakly affeots the &= ’72_.
-9/2 states olose to the onme-quasi-partiole states and somewhat more stromgly the states
with smaller K. This leads to different lowering with respeot to the £(e) energies
of these states. Therefore in a number of nuolei the caloulated sequence of the exoited
states olose to the one-quaei-partiole ones differs from the sequence of the levels in
the Nilsson soheme. The interaotion of quasi-partioles with phonons leads to a ohange
of the state energy in different nuolei with identioal odd values of N and 2. Por
instance, at N =143 the energy of the X7= //z+ state olose to the 637/ state
in 2%%y 14 equal to 0.08 KeV and in 27Pu - 145 KeV. The oalowlations show that the
energy of this state in 2-°U 1s 10 KeV and in 2°7Pu - 150 KeV. On the whole, the
energies of the states olose to the one-quasi-partiole ones whioh are oaloulated taking
into aooount the interaotion of quasi-partioles with phonons somewhat better agree with
experimental data than the results obtained in the independent quasi-partiole model 1°.
The interaotion of quasi-partioles with phonons leads to the frmation of oollective
nonrotational states in odd-mass nuolei and of oomplex struoture states. Table 2 gives
all the experimental data 95 1113
tions. The ‘/17=//2‘ states of energy 685 KeV in 239y the &7 = Xg'states of energy

on suoh type states and the results of caloula—



650 KoV 1n 27% U and tha K= %2~ statem of emergy 451 Ke¥ in 2%pu are to a large
extent ootupols ones. The 1(17:572- states in 237!9 of energy 721 KeV and in 239lp
of energy 766 KeY are beta-~vibrational . It would be very interesting to determine
experimentally the ootupole /(J=%- states in these nuolei whioh aooording to the
ocaloulations, are somewhat bdelow than the beta-vidbrational ones.

Thus, the account of the interaotion of quasi-~partioles with phonons
allowed to explain the position of all the experimentally found oocllective non-rotaio~
nal states and prediot many states of suoch a type in odd-mass nuolei in the aotinide
region.

The properties of the oolleotive states and the oomlex struoture ones as well
as the admixture in states olose to the ons-quasi~partliole states are revealed in the
probabilities of the eleotriocal B2 and B3 transitions, alpha~ and beta-decay rates, the
values of the speotrosoopio faotors ih direot nuolear reaotions, in the valuss of the
deocoupling parameters (2 for the K7« Vz states and so on. Let us oconsider
the hindranoce faotors HF in alpha decays. If a &, 7; state olose to the one-
quasi-partiole statef;a.lpha decays to the oomponent quasi-partiole £ plus phonon
Q‘: (‘,{/4) of the wave funotion with K;#; and P, then the squared matrix element

ia pf the form:

4 2 2 ‘A/!u. EA
Mo (o~g,+Q Gp)] = C, CudE (D30 i Mol B
whers MQ 0 ) 18 the matrix element bf the alpha transition from the ground to the

oolleotive /!/l(u Sta.to of even~even nuoclei the equation for whioh is given in 1-13:.3
The hindranoe faotor HP whioh défines the hindranoce of the transition to the
given state as oompared to the transition of the same energy between the ground

states of the oorresponding even-even nuolei is of the form

Hf(@ Gul)
HF (g, =¥, +4’(f-)) 4,2( Py, n
f Ree
whers MF(%; (y')/ is the hindrancs faotor for the alpha decay to one-pho-

3. This transition 1s favourable and its hindranoce as oompared to the

‘nen A i  state
alpha deoay to the oolleotive one-phonon state of the even—even nucleus is due to the
admixtures in the f_‘ state of the parent nuocleus and to & non-unity oontribution

of the state quasi-partiole ﬁ plus phonon in the wave funotion of the daughter



nuoleus, Suoh alpha trmigions are somewhat hindered, as oompared with the favourable
ones, and notioeably emhanoced as oompared with the unfavourable ones, provided that

HF (&: [A_/u)) 18 not too large and the fraotionm of the oonsidered state in

7% Ql; ({\/") \ 18 not too small. The probabilities for the alpha transitioms to
other oompoments ( quasi-partiole s @, plus phomon) of the wave funotion with A}7,
and P, are about the same as those for the unfavorable alpha transitions between
one-quasi partiole states. A small value of (7) shows an essential admixture of the
@ éu)state.

Table 2 gives the experimental data on the hindranoe faotors 2*11 and the
ocaloulated values. So, H"‘/Qx (20/) = 4 for 2340, aooording to 1
HF (631} 314+ &, (20)) ~60. Owing to the faot that there is no experi-
mental data on  HF(Q, (30)) 102340, we take HF(Q.(30)) = 160
i.e. 1ike that in the alpha transitions 26pu —— 232y

s therefore

242 238, 11 240
and “*Cn —— fu "7, For the alpha decays Pu —— 236 y ana 42py -

238y 4o taxe HF(Q(20))=10 1.e. 1ike that in the alpha decay 242Cm —=— 2®pu and
tina  HF (523 — 5234 +Q,(20}) =10+ 1n ®>Tup ana 2Np. From Table 2
1t 18 seen that the ocaloulated values prove that the interpretation of the oolleotive
states in 2”U, 237Np and 239 Np 1s oorreot. It should be noted that the hindranoe
faoctors on the eotupole (F-%' states in 237Np and 239Np are ossentially larger
than on the beta-vibrational states; namely, this just results in the interpretation
of the experimentally found states as beta-vibrational ones.

We investigate the e\tteot of the interaotion of gquasi-partioles with phonons
on the deooupling parameters < ., Taken the wave funotion Y(xr)
in the form (2) we get

{%r +Za (Dza‘ ”‘ e p”)f ®

L
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where a; , @ are the decoupling parameters: & oaloulated with the

.
Nilsson wave funot::ns 6. For states close to the pole with (/u;fo the @ 1s zero.
The role of the seoond term in (8) in non—~essential for the nuolel in the rare—earth
region but essential for some nuolei in the aotinide region. Table 3 gives the
experimental values of the deooupling faotor 9,11,12,14 and their oalculated values,
the values of a i are also given, knowing ‘}z it is easy to find C},‘a"f
To 11lustrate the role of the beta~vibtational terms and the ootupole ones with =0

we give their oontribution to the oalouwlated @ . Table 3 gives the values of &2



for the oolleotive states, the agreement botween the caloulated and experimental
values for the klf-/z state of energy 685 KeV in 239\1 Provides evidemce for the oorreot
desoription of the struoture of this state while for the state of suoh a type in

238 Pu the situation is unolear, The caloulated values of & for the states close
to 631 ¢ in the U and Au isotopes are in their absolute value larger

than the experimental ones. Perhaps, this 1s due to the defeots of the Nilsson
potential wave funoction. The caloulated values of & for states olose to 530f
are also larger than the experimental ones, the deorease of @ as oompared to a—”
due to the multiplier C!z being oompensated by the addition from the ootupole pho-
non. The aooount of the interaotion of quasi-particles with phonons does not elimi-
nate disagreement between the caloulated and oxperimental values of (<X for states
olose to the one-quasi-partiole ones, though it decreases this disagreement as oompa—
red to @’ i

We have oaloulated the properties of the ground and exoited é.tates for 30 nuolei
in the region 229 £ A4 255, 2030 states have been oaloulated for each auoleus, Thus we
have acoumulated a large amount of experimental material. Tables 1:3 give a small part
of the results oonoerning the most interesting oases and the cases on whioh there are
experimental data. The remaining material can be utilized as the amount of experimental
data inoreases.

The aim of the present paper is to give a general pioture of the exoited states
for many o0dd-mass nuolei. Therefore we have not performed a oareful amlysis of
individual nuolei. Further ome should analyse in detall the properties of the most
interesting nuolel improving the Nilsson potential parameters, taking into acoount the
Coriolis interaotion and so on. With such &n approach it is possible to obtain
better agreement between theory and exi:eriment and improve the prediotions for the
considered statea, )

It should be noted that in investigating the interaotion of quasi—pa?tioles with
phonons there is no free parameter, the quantities ‘U,;A‘ﬂ and Y"({‘/’)
are obtained in caloulating the oolleotive states of even nuolei. Therefore when the
agreement between theory and experiment was insuffioiently good in even nuclel this
inoorrectness is traunsferred to the desoription of odd-mass nuolei. On the whole,
the general piloture of the excited states of odd—mass nuclel is more oompliocated amd the
description more rough as compared to even nuolei. The investigations have shown that

_the structure of exoited nonrotational states of deformed odd-mass nuolel is a rather
various. If most low-lying states are olose to the one-quasi-partiole ones then,

the energy increase, the number of states olose to the oolleotive ones and of oomplex
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struoture states imcreases. The acoount of the interaotisn of quasi-partiocles with
phonons has led to the improvement of the desoription of nuolear states olose to the
ame-quasi-partiole states as oompared with the independent quasi-partiole model and to
a suffioliently oorrect desoription of the oolleotive and the oomplex struoture
states. For further study ef the struoture of exoited states of odd-mass deformed nuolei
it is necessary to have a larger amount of experimental data on the states energies, beta
and gamma-transition probabilities, speotrosoopio faotors in direot nuolear reaotions
and so on.

It should be noted that the position of the deformed odd-mass nuoleus levels is
to a large extemt defined by the behaviour of ome-partiole average f£1e1d levels. Therefo—
re the acouraoy of the caloulation of different oharaoteristios of odd-mass nuolel
48 restioted to & rough desoription of the energies and ths Nilsson potential wave
funotion.

1 express my gratitude to N.N.Bogolubov, 8.Bjgrmholm, 8,A,.Baranov, V.M.Kulakov and
P,VYogel for interesting disoussions.
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Zsple i

linrgy and struoturs of the ground and exoited states im 23 7lp

e Bnergy (KeV)

A
Struoture of the state C_",‘ JZM
. 2T Lo

BExper. Caloul.
5/2+ 0 0 642} 93%; 6424 +Q(20) 3,2; 5211+Q(31) 1.2
5/2= 59.6 140 5234 96%; 5214+2(22) 1%; 5234+q(20) 1%
1/2- 270 170 530 82%; 5300 +0(20) 5.9 %; 660§+Q(30) 5.3%
1/2+ 327 250 400} 79%; 400} +Q(20) 10%; 4024+0(22) 4.4%
3/2+ (357) 260 6511 69%; 651 +0(20) 24%; 5304+Q(31) 2.4%
1/2+ 300 660} 53%; 530} +Q(30) 20%; 660¢+0(20) 19%
3/2- 425 532) 74%; 5324 +Q(2) 17%; 6514+Q(30) 3.3%
3/2- 438 470 5210 84%; 642} +Q(31) 5.2%; 5214+0(20) 3.6%
17/2- - 580 633} 90%; 6334+0(20) 4.9%; 5214+2(32) 1.3%
11/2- - 700 5054 69%; 50% +0(20) 30%
1/2- - 800 541} 57%; 541} +0(20) 22%; 530 +Q(20) 8.5%
5/2- = 900 6424+0(30) 92%; 512§5.8%; 633 +Q(31) 0.5%
5/2- 721 1000

5234+Q(20) 99%; 523p 1.1 %; 642§+0(30) 0,3%
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Table 2
Bnergy, struoture and forbiddenness faotors for < — decay f£01” the

ocollective states and the oomplex struoture states of deformed nuolei

P Bnergy (Ke¥) Forbiddeness
Nuolel . 4 faotor NF Structure of the states

RExp. Calowl. BExp, Caloul,

235y 1/2- 650 660 7 300 631{+Q(30) 52%; 76} J4%;761) +0(20)9%
2%y 2+ 780 760 25 60 640459%; 640} +0(20) 245;6J1h2(§2)
21y 1/2- - 6 - - 631}+0(30) 55%; 763 J»;761}+o$2g2
239y 1/2- 685 530 - - 631§+Q(30) 66%;761)27%;761{+a(20)3.0%
239p, 1/2- 451 560 2460 - 6314+0(30) 81%; 7614 17%;
DTgp  5/2- - 900 - - 6424+Q(30) 928;512(5.8%;633§+(31)0.5%
Dy 572~ 721 1000 13 10 5234+Q(20) 988;523}1.1%; 642} +a(30)
0.2%
DTy wy2e 327 250 2400 - 400} 79%; 400} +0(20) 10%; 402} +a(22)
4,49
2%,  5/2- - 800 - - 642§+0(30) 94%; 512 5.2 %;
5234+0(20) 0.2%
2%y p/2- 666 930 24 n 5231+0(20) 97%; 6424 +Q(30) 0.3%
523§0.4%
239y, 12+ 326 460 - - 400} 77%; 5304+0(30) 13.48;

400 §+q(20) 8.4%
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Tﬂ.uﬂ 2

Deooupling parameter

Bnergy (Kev) a 1% 2
Mioles K7 ‘f Exp s."Camul Exp Caloul a q’z'a*:[%:’of’/ -élayz(p:)“
2%y 172+ 640} 700 760 - 0.6  -0.96 -0.23 0.21
2y 12- 7614 630 660 - -0.84  -3.13 0,28 0.50
2%y 12~ 7614 685 330 0.2 0.15 - 1.61 0,06 0.64
2%y 1/2- 761} 451 %60  -0.4 0.25 = 1.61 -0.01 0.78
233y 172+ 631) 399 250 0,23  ~0.65 - 0.89 -0.16 0.14
2% 12 631 0.08 10  -0.30 -0.8 -0. 96 -0.16 0.08
2Ty e 6314 o© 0 -0.44 0.8 0,96 -0.08 0.07
% 12+  e3f 13 70 -0.54 -0.84 -0.06 -0.01 0.08
D7py 172+ 631} 145 150 0.4 - 0.86 =0.96 -0.08 0.06
239y 172+ 631} © 0 -0.58  -0.80 -0.96 -0,02 0.10
2415 12+ 6314 163 100 ~075 -0.9  -0.96 -0.01 0.07
2l 172+ 620f o o oa 0.1 0.18 0 0.04
233pa 172- 530} o 0 -1.33 =23 2.5 -0,01 -0,35
27gp 1/2- 330} 270 170 -1.65 -2.5  -2.5 -0.15  -0.34
23%p 1/2-  s30| 267 160  -1.2 -2.4 =2.3 -0.01 -0.40
DTyp 12+ 400} 327 200 1.1 0.48 0.41 » 0,04 0.08
23%p 12+ 400} 326 460 - 0.70 0.41 0.04 0.34
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