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ReeentIy, the firsi experiments on ~ -decay of deep-hole states 
in odd-mass nucIei have been performed/1,2/. In (JHe,~~) reaetion 
on even Pd and Sn isotopes, 6 -quanta and~ -particIes have been de
teeted in coincidenee. By this method ~ t is possible to examine ~
-spectrum of decaying states in an energy interval fixed by the 
energy of outgoing ~ -particIes. The comparison of the energy distri
bution of direet oo-transitions to the ground-state with the one go
ing through Iow-Iying states has aIlowed one to conclude that in 
this reaction not only one-partiele eomponent of the wave funetion 
of deep-hole states could be investigated but colleetive ones as 

2/.well/ From this point of view the eontributions of one-partiele 
and colleetive transitions to the matrix eIement of ~ -decay have to 
be examined. We will consider this problem here for the decay of the 

- 1 , 111neutron deep-hole state ( 19 ) ~n Sn.
9/2 

The wave function of an odd-mass nucIeus can be written in terms 
of the qua.siparticle ar..... (wi th the shell quantum numbers j=nlj and 
magnetic quantum number hl.) and .phonon Q~i (A , #- are momentum of 
the phonon and its projecti9n, J is RPA-root number) operators: 

/11 .i , [ (_I -I- r)' À i r f -I- ] +
rv(JN/ - rv ~J"" ~.lJj (Jv1L dJ I<? a,,J.,,IIi :rI" 

).'J . 
(1)

'}' ).i'l ),& I~ r I- -I- ../ J ., j J11 
+ ~ 0:r (.TrI)Ld,;·~[Q).I/'II( Q).J.)I~i,l I/U 17 M To 

where ~ is the ground state wavé function of the neighbouring 
evén-even nucLeus , The phonon operator is ·defined as follows: 

+- _ I J I/J ). iJ: f f A-~ )," ] 
(2)Q)./l1 -;[0 ~/IL~Irr~I"".l~ - (-) {f}J'[o(;i""~in A-;.k 

/<1
and deacribes both collective and noncollective excitations in an 
even-even nucl.eua, The e.mpli tudes fb and fO and one-phonon energies 
WÁt. are calculated from .the well-known RJlA-equat:l.ons for qu;asipar
ticIell. ,i~U~hLl(l.i~lJ=.iH :~mc~ I 
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To calculate the coefficients C, D, F of the wave function (1), 
we apply the quasiparticle-phonon nuclear model (QPM)/3,4/. The model 

Hamil tonian includes the phenomenological average potentials for pro-
tons and neutrons, pairing forces with the constant matrix elements 
and separable interaction in the particle-hole channel written as 
multipole and spin-multipole expansions. 

The coupling of the odd quasiparticle with the phonon excitation 
of the core is determined by the quasiparticle-phonon interaction 
term 

I/ __ -L[[(2 j'\+1)f/lr(· · ')1 + À-A
M~ph, - 2-JZ ~ 2À-+1 J1Jt~l l"G."\f\i·+ (-) Q>--,ki) >C
 

)..j4.i Jd.1.
 
>( ~U1 jl. ),-j-t) + h.. C, 

(3) 

B(' . l ()J1.+l1-1Z. . +
dd1..À-~)= - <J1k1d~f'rt.tIÀ-,A>otjllí.l.,cJ.J~-M:L 

The value o f r(J'1 iz. ). i) dependa on the single-particle matrix elements 
of the xesidual forces, superfluid Bogo:ubov's coefficients and pho
non characteristics and has no free parameters. 

To get the spec t rum of the eigenvalues '~N of the QPM Hamil toni
an for the basic vectors ~1), we have to solve the following system 

of equations: 

é~ - ~ - L r(J j ~ L ) .D~ 'c J \1) =o 
Jv.. J

;\ IJ 

rZ(j no' <' ) 1

D;'CfVJ[Ej +W~i - ~JV - [ I:'., J + W.Á~ -+ Wli.' - ~
 

J' >..';.' Jv 

" [U>'~iL U).;z.il._1.[ D~L(JV) >,,~,(.~i) '\!i!(>'~') +
 
~ J ê' + úJ . + (;j . - 11
',, x.i: I i J ",(.1 .-\;z.I L L-r 

I ''':L 1. .. v 

Àií l ( ) {[ r(' , .) 0 f >.~ ).. ~ )..1 ).. + >-2. -+ j 1 +J 
+ [ J) j1 Jv dJ1 >'1.11. J J J liJ(-) )c 

jl~1i1 ,}.1.i~ \ ' 
1\ À~ A V 1\).11. • 

X [ À, u,.;.(>"i,\ :!. >. >, c, (Ad ] -


Ej 1 -+ w>.~ + W).;z.(,l. -rl fj + W}.I(.'+ tJ>'z.i;z. -1..]"'1

J'I 
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J'L J:z. }.l ,AI(., LJ" 

2 

r(jdL ~L) == <áj1 11 t1qpk 11 [d.i Q~i Ji1> (4) 

À~i1 . _ + + ~ '= U{).+ f)1/~UÀ1.i.,,(J\(.) = <Q).~ 1\ ~pkll [G.).I~I Qft:LiJ).>} A 

Here éf is the energy of the one-quasiparticle state.' As one can see 
from (4) the r(JtJl. >. i) are the coupling strengths of the quasipartic
le oLj1 and '~quasipar,ticle® phonon" [clt,aiJj1 states. The interact.ion 
matrix elementa U:~~~ ()..~) describe the so-called anharrnorrí,c correc
tions, i.e. they deacribe the interaction between the phonons of the 
core. . 

D
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The coefficients j of the wave function (1) are obtained from 
the system (4); the coefficients F are expressed as linear combina
tions of ] 's; one-quasiparticle amplitude is determined by the norm 
of the wave function (1). The application of the QPM-formalism to 
the odd nuclei could be found in more detail in refs./6- S/. 

In spite o f the simplification due to the separable form of the 
effective forces and phonon representation of the core excitations, 
to solve the system (4') is a hard problem since in realistic calcu
lations we have to diagonalize a high dimension matrix. To overcome 
this difficulty we use the strength function method/9/. The exten

.11. i.
sion of the method to the calculation qf the coefficients JD j and 
electromagnetic transition rates has been worked out in refs./7,S/. 

It should be noted that in calculations of ref./8/ the terms ~ru of 
eqs. (4) were omitted. 

The standard one-body operator of r -transi tion in nuclei after 
simple transfOlmationa can b~ written in terms of the quasiparticle 
and phonon operators in the following way: 

1J1 (E~~f)l) ~ 'j-~L <;~ 11 r(~;'f)I)IIj3.){(l1;~ "J~ ;:~ z:;.) B(;~rI~ ).,ft)+ 
J'I:L 

(5)
l'r ~ I . -I- . [(ri/lI,..,. A")/'..j. )j..l-fi 

~ Z (~f ~ - t}~ Z)i) i li;,;" - ~cI~ (~}ft' f (-) (l,~~i • 

The firat term of (5) cauaes r-transitions between the compo
nenta of initial (i) and final (f) states of the sarne complexity, 
i.e.. , lci+>j => 10'.+ >." Io(tg+)j => lo(+Q+1' etc. In principle, due to this 
term the tranaitions with the exchange of two phonons (e.g. Id4a+a+)~ 
=> /d+)f> are allowed, as it follow~ from the boson expansion tech~ 
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nique / 10I , but they will,be strongly suppressed by a factor ~~f ~s 
compared to the transitions /<i+>; =:>Id+>.,. In the Tamm-Dancoff ap
proximation the transi tions Id+Q+Q+1=> tcl"')f are forbidden (cç'::::' O) • The 
second part of the operator (5) causes the transitions with the ex
change of one phonon, i.e., Ici+a+-i=>lol+i. :rn the transitions of this 
type the quasiparticle quantum numbers do no~ change. Which of the 
two terms of (5) is domin~t depends on the matrix element of each 
partial transition and on the corresponding coefficients C, D, F of l 

1\ 

,
the i- and f-states. 

We consider here the ~ -decay of 9/2+-states that are excited II 
in the one-neutron pick-up reaction 112Sn (3He , cf. ) 111Sn into the gro ,.
 
und state 7/21 and low-lying states 11/21 and 5/2~ of 111Sn nucleus.
 
These final states have practically the one-quasiparticle structure.
 
We get for them C~ > 0.9 in agreement wi th experimental data. So, we
 
suggest that Df anf Ff-coeffiCients vanish. The structure Df the high

-lying 9/2+-states is much more complicated and we de~cribe it by the
 
wave function (1). We are especially interested in excitations within


* .the energy range E =3-6 MeV where the main part or 199 / 2-neutron hole 
strength is concentrated. The 9/2+-states in this range have rather 
discernible values of C2 ( 1g9 / 2 ) , and moreov.er, ther have large ad
mixtures of more complex components. The crucial role is played by 
the competition between partial transi tions Id+)j -> Icl+>t and IO::+-Qi-) i:) 
=>Id+ 1. In that case the components Ic<Tlia+>. are important as they 
are,coupled wi th kt(t~ configurations and i~fluence their fragmenta-o 
t í on, So, 'fi thout "quasiparticle (g) two phonons" components i t is im
possible to obtain a correct energy distribution of the lá+a+>'=)\d+)f 
part óf transition strength. 

Let us now turn to the results of the calculations. The excita
tion of the deep-hole state in (3He , oL )- r eact i on goes mainly through 
the one-quasiparticle component of the wave function. So, firstly, 
we need to calculate the energy distribution of the 199 / 2-neutron ho
le strength. These calculations had long been done in ref. / 11/• Our 
present results slightly differ from those of ref•.!111 due to minor 
changes in the truncation of the basis of complex configurations and 1;\.)
to the inf~uence of the arul~onic terms i~ eqs. (4) (i.e., the terma 1J,

T T ",~, ( ') Jwith VÁ" AL -coefficients) that had not been taken into account f,
4 z. • 

in ref. / 11/ • The calculated energy distribution C~/2(E*) beara a qua
litative reaemblance of the energy distribution of the intensity of 
dire ct ~ o-transitions from the resonance-like deep-hole bump to t he. 

grountl state/1,2/~ But our goal is to show that no conclusións on 
the decay mechanism can be drawn from this resemblance becauae 8.1

thbugh the excitation of'deep-hole states goes through the one-quasi
particle component of the wave function, the decay of the excited 
state may go through the "quasiparticle ~ phonon" component. 

I I)ll'~ 

Fig. 1. Strength functiona of the 

15 a -tranaition ratea T(E,~~ ~ 

10 The one-quaaiparticle parts 
Df the tranaition rate are 

5 diaplayed by the daahed cur
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ves, the solid curves are 
the results of the complete 

.10 calculations. 
.05 a) M1-transitiona 9/2"47/2;!..~ 

Jr;EII b' E1-transitions 
c) E2-tranaitions 

9/2"!->11/2 1; 
9/2+-97/2~s. 
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To analyze the decay mecnanism of 9/2+-statea in 111Sn, we cal
culate the absolute intensites T(E, M,\) of r-tranai t í.ons, The reeul ta 
are p+esented in fig. 1. The côntripution of the one-quaeiparticle 
part of the transition rate (I d..+> .='::> 10(+>., ) for ),{1-transition 
9/2+-;} 7/2 and E1-transition 9/2+~ 11/2- i·s shown by the daehedg+• s. 1 
curve. The shape of the curve coincides with the function 
L~/.z.(EI'l)x (Etl YU+1 ( >. ia the transition multipolarity). The E*-de
pendence comes from the expression. for T(E,)1).): 

_ ~).-f1) .1. (]::lr)LÀ'H
T(E,M>') - >.[(:2.,-\+1)!.1].(. t 1ic . B(EJMA) 

By the eolid curve we ahow the calculations where both partial trah
sitions IcJ..'» ~) Id:+>f and Id+a+). => Id.+>t are taken into account ,

181 I I
As in ref. ,the resulta are preeented in the form of.the atrength 
functiona wi th the averagil18 parameter li =0.5 MeV. We also display 
in fig. 1 the intensi ty Df E2-tra.nsi tions 9/2+0+ 7/2+ that 'go ex

+ +... g•s.
clusively via the lo{ G ). =) /cl >f way. For any reaaonable value 01' 

I I + -+ ' neutron effective charge the transition J.) ..:;>I rJ.. ). f ia more than 
two .ordena of magnitude lese than 10:-+a+)i :) 10(+>1 tranaition. We get 
the same picture for E2 transitions 9/2+-;> 5/21. 
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The direct ~ -transitions to the low-lying state~ from the ener
gy range E >6 MeV go predominantly through the "quasiparticle ~ phonon" 
componenta. This ia quite natural because the contribution of the one
-quasiparticle component to the wave functiona of· 9/2+-states at 
these energies ia amall, as it follows from our calculation. 

The moat interesting range to discuss is .E*<6 MeV. The inten
sity of the M1-transitions from this range is more than one-half of 
the E1-transition intensity (note, we use effective spin-gyromagnetic 

* 

:lfactors g:ff=0.8~ree), and the intensity of the E2-transitions is 
much lowe~. The interesting feature is that the character of E1- and \l 
M1-troolsitiona is different. An admixturé of collective components i~
lih,./l/~ ~G+{1-J >j" in the wave functions of 9/2+-states ~t E*<6 MeV is 
extremely small; that is why the E1-transitiona 9/2+~11/21 are de
termined by the one-quasiparticle part lo~'+>i .=> lol+)f· . 

t 
NZ 

~ 
z 
ã5
 
3
 

2 

I~'3 4 5 6 7 8 9 E·. MeV 
'{~ 

Fig. 2. Strength function of the reduced M1-tranaition probability :1B(M1, 9/2~·7/2;.a.). For notation aee fig. 1. 

As for the M1-tranaitiona from the range E*(6 MeV, both compo
ne.n"ta, i.e'.tlol+ct~').:>/~+).J! and 1d.~) ..>lli+>t ' give approximately the 

lo I,'
aRme contribution to it. ~t ia vividly Been from figo 2, in which 
the reduced transition probability B(M1, 9/2+~7/2~.a.) ia sh9 wn • Thia .1 

calculation is performed with the averaging parameter Â =0.1 MeV. The 
strong peak at E*=3.75 MeV will be suppressed in the cross-section 
of (3 He, clt )-reaction be cauae of the small contribution ol the one
-quasiparticle component in the wave functions of 9/2+-states. This 
peak is due to the collective component of their wave functions, that 
is of the type Hg'llh. ® Q+L ~ t) >. The strong interference or both compo
nent~ Id+)j ·:)lo<.t~ and 1d.+G:\ =>101.+>+ o f M1-transitions takes place 
in the energy interval 4<E <5 MeV. The interference has a destructive 
character oold changes essentially the result obtained only with the 
ol.+)j =:)Io<.+>t component. That is why we want to point out that the 

partial transitions of the lot+Qf>j => \<i+>t -type canno t be neglected 
in considering the ~ -decay of high-lying single-particle (or hole) 
states especially if in the range of the one-quasiparticle strength 
concentration the "qul:\./jiparticle 0 phonon" states wi th the srune JT 

are p.iaced. • 
.in summary, in the framework of microscopic approach we have 

presented for the first time the calculations of the (-decay rates 
of the neutron 19

9/2 deep-hole resonance-like structure in 111Sn to 
the ground and low-lying one-quasiparticle states. We have found the 
almost pure one-quasiparticle character for E1-transitions 9/2~11/21 

and strong destructive interference between one-quasiparticle and 
collective '''quasiparticle ® phonon" terms for M1-transitions 
9/2+-j) 7/2 .• So, in some cases the collective "quasiparticle ~ phog.s. . 
non" componentrs o f the wave function may play a cru.cial role in ~-
decay of high-lying single-hole and/or single-particle structures. 
Our QPM-formalism can be applied to the study of ~ -decay in a large 
number medium and heavy odd-mass spherical nuclei. 
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BAOD~H A.H. H AP. E4-86-396
BK11t:1A I<OMnOHOHT "I<D1l3Hl.laCntl~a ~ lllOHOHlI
 
B rOMMa-pocnOA O~COKOBo36Y*AeHH~x COCTORHHH
 

B POMKax KBa3H4acTH4Ho-lllOHOHHOH MOAenH RApa pacC4HTaH~ BepoRTHOCTH 
raMMa-nepOXOAOB /El, M1. E2/ c B~coKonema~eH pe30HaHCHo-noAo6HOH CTPYKTYP~, 
con38HHOH c B036ymAeHHeM He::1TpoHHoro Ablp04Horo COCTORHI1R C1g9/~'lRAPa l11S0 , 
HB'OCHOBHoe H cna60B036YmAeHH~e OAHOKBa3H4aCTl14Hble COCTORHHR. BonHoaaR ~YHK 
4l1R B~COKoBo36ymAeHHOro COCTORHI1R BKJ1104ana KOMrioHeHT~ lIKBa3114aCTH4a @ ~OHOHI 
I1"KBa3!14aCnt4a I';) ABa lj)oHoHall AnR El rnepexoaa 9/2+... 11/2 ~ OCHOBHOH BKnaA• 

B nepexoA AalOT 0AHOKSa3114aCTH4Hble KOMnOHeHTbl BonHOB~X ~YHK4I1H Ha4anbHoro 
H KOHel.lHOrO COCTORHHH. E2-nepexoA 9/2+ ... 7/2 ;;5 HAeT aa cver npl1MeCeH COCTO
RHI1H "KBa3H4aCTH4a· @ lllOHOH 1' . AnR Ml-nepexoAa c COCTORHHH 9/2 + B OCHOBHoe 
Ha6nlOAaeTcR CHnbHaR AeCTPYKTI1BHaR HHTép~epeH4HR BKJ1aAOB OAHOK8a3114aCTI14H~X 
H IIKBa3H4aCTH4a 0 lj)oHOH 11 KOMnQHeHT. TaKHM oõpaaoa noxaaaao , 4TO KOMnoHeHT~ 
1I1<Ba3114aCTH4a 0lj)oHOHlI MorYT HrpaTb KJ11l14eaylO pons B npaBl1nbHOM Onl1CaHHI1 
raMMa-nepexoAOB c B~coKone*a~Hx OAH~4aCTH4H~X Hnl1 rny6oKone*a~l1x AblP04HblX 
COCTORHHI1. 

Pa60Ta 8~nonHeHa B na60paTopHH TeopeTH4ecKoH ~H3HKI1 O~HH. 
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Ponomarev V.Yu. et ai E4-86-396
The RoIe of IIQuas i pa r t ic Ie 0 Phonon Components" 
in Gamma-Decay of High-Lying-·St"ates 

For the first time the y-decay rates of hlghly exclted nuclear states 
of odd-mass nuclei into the low-Iylng one-quaslpartlclo states are calcula
ted In a microscoplc way. We concludo that 'not only ono-quaslpartlcle compo
nent but also lIquaslpartlcle e phonon" componcnts o f the wave functlon o f 
highly exclted s ta tes can play an Important rolo In thelr Y-decay. 

The investigation has boan perFormod Dt tha Leboratory af Theoretlcal 
Physlcs, JINR. 
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