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Recently, the first experiments on & -decay of deep-hole states
in odd-mass nuclei have been performed 1'2/. In (3He,olg) reaction
on even Pd and Sn isotdpes, ({—quan‘ta and o -particles have been de-
tected in coincidence. By this method it is possible to exeamine g-
-spectrum of decaying states in an energy interval fixed by the
energy of outgoing ol -particles. The comparison of the energy distri-
bution of direct d’o—transitions to the ground-state with the one go-
ing through low-lying states has allowed one to conclude that in
this reaction not only one-particle component of the wave function
of deep-hole states could be investigated but collective ones as
well 2 . From this point of view the contributions of one-particle
and collective transitions to the matrix element of J-decay have to
be examined. We will consider this problem here for the decay of the
neutron deep-hole state (1g9/2)' n "Man,

The wave function of an odd-mass nucleus can be written in terms
of the quasiparticle d (with the shell quantum numbers j=nlj and
magnetic quantum number h» ) and _phonon QM' (A, M are momentum of
the phonon and its projection, i 1s RPA-root number) operators:
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where é‘i is the ground state wavé function of the neighbouring
evén-even nucleus. The phonon operator is defined ag follows:
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and descrlbes both collective and noncollective excitations in an
even-even nucleus. The emplitudes ¢ and W and one-phonon energies
tl.),;.', are calculated from the well-known RPA-equations for gquasipar-
ticles. '
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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
Hamiltonian includes the phenomenological average potentiels for pro-
tons and neutrons, pairing forces with the constant matrix elements
end 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
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The vealue of FQ1JL,>i) depends on the single-particle matrix elements
of the residual forces, superfluid Bogo}ubov's coefficients and pho-
non characteristics and has no free parameters.

To get the spectrum of the eigenvalues N3y ©f the QPM Hamiltoni-
an for the basic vectors (1), we have to solve the following system
of equations:

=) TG D=0

A\J

M [ : e ]_
DJ (IVJ % * WAL ) 7TV ) Z En+ Wy + Wyy — }Z
(I"\'LI Iv
_iZD ) UionU, e +
£. +(}JA|L‘I+ (A)/\‘i‘ ‘7-]‘\’

ALAf,_
MAa A Adat+T
ZD (Iv) ZF(JJ,/\ (1 {J T ﬁ(—)
“”\‘L' A N Aria Mala

I WUL 0 . AUC00 ]
£

J,"f‘ W + WALLI‘PZ . E +(A.)A|~ +‘A)/\Li2.— VZ_W

MMt A (i) Tlada A TG A J J } - Cy
- ) () i =[(Tjx¢
;‘ {/\ T g EJ1+wA(+wA|¢. —’)(IV ! )

I

F(jifa pi) = <og,quPkll[o( @MJJ) . ()

" 1
U‘)‘ L (J\L <@)\L “Hlﬂ);'“ [G‘A\L Q)zh.] > 2 /\ =<2X+() /Z‘

Here 5J' is the energy of the one-quasiparticle state. As one can see
from (4) the r(J J,_)\l) are the coupllng strengths of the quasipartic-
le ol and "quatupart:.cle@ phonon" [dna,\\]h states. The interaction
matrlx elements U,\"'(XL) describe the so-called anharmonic correc-
tions, i.e. they describe the interaction between the phonons of the
core. .

The coefficients D:u of the wave function (1) are obtained from
the system (4); the coefficients F are expressed as linear combina-
tions of D '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./e’_8 .

In spite of the simplification due to the geparable 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/g/. The exten-
sion of the method to the calculation of the coefficients :DJt
electromagnetic transition rates has been worked out in refs./7’8/.
It should be noted that in calculations of ref. 8/ the terms ~TU of
eqs. (4) were omitted.

The standard one-body operator of ¥ -transition in nuclei after
simple transformations can be written in terms of the quasiparticle
and phonon operators ix the following way:
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The first term of (5) causes J’—transitions between the compo-
nents of 1n1t131 (i) and final (f) states of the same complexity,
ices, 1a(+> =>4+ ‘) . ld*G") => @t %» etc. In principle, due to this
term the trans:.tlons with the exchange of two phonons (e.g. [d G'G+) 3
=> fo( > ) are allowed, as it follows from the boson expansion tech—

(5)



nique/m/, but they will, Ve strongly suppressed by a factor ¢ ¥ as

compared to the transitions lo* >, =>ldt>,. In the Temm-Dancoff ap-

proximation the transitions |d+G+G+>5->ki % ere forbidden (P=0) . The

gsecond part of the operator (5) causes the transitions with the ex- -
change of one phonon, i.e., |o(+Q+) =>|o(+> . In the transitions of this ’
type the quasiparticle quantum nu;nbers do not change. Which of the

two terms of (5) is domin;ant depends on the matrix element of each

partial transition and on the corresponding coefficients C, D, F of b
the i- and f-states. . l E

We congider here the X -decay of 9/2%-states that are excited 1 ‘
in the one-neutron pick-up reaction 112gn (3He oL )111Sn into the gro- i,

und state 7/2; and low-lying states 11/21 and 5/21 of "Msn nucleus.
These final states have practically the one-quasiparticle structure.

We get for them C%>O.9 in agreement with experimental data. So, we

suggest that Df anf Ff—coefflclents venish. The
-lyln.g 9/2 -gtates is much more complicated and
wave function (1). We are especially interested

structure of the high-
we degcribe it by the
in excitations within

the energy range E*-B 6 MeV where the main part of 1g9/2—neutron hole
gtrength is concentrated. The 9/2%-states in this range have rather
discernible values of C2 (1g9/2), and moreover, they have large ad-
mixtures of more complex components. The crucial role is played by
the competitlon between partial transitions |d+) =D ICJU'>f and |d+Q"> >
-)fd > . In that case the components |d G+G.> are important as they
are ,coupled with |d &> configurations and 1nf1uence their fragmenta-
tion. So, wyithout "quas:.partlcle & two phonons" components it is im-
possible to obtain a correct energy distribution of the Id‘Gf}i '=>\d+>f
part of trangition strength.

Let us now turn to the results of the calculations. The excita-
tion of the deep-hole state in (3He,oL)—reaction goes mainly through
the one-quasiparticle component of the wave function. So, firstly,
we need to calculate the energy distribution of the 1g9/2—r/1<13111‘;ron ho-
le strength. These calculatlons had long been done in ref. Ouxr
present results slightly dlffer from those of ref. /11/ due to minox it
changes in the truncation of the basis of complex configurations and 4h
to the influence of the anharmonic terms in egs. (4) (i.e., the terms F Jl
with Ux'h (Ai) -coefficients) that had not been taken into account (4

in ref./”/. The calculated energy distribution Cg/z(E*) bears a qua-
litative resemblance of the energy distribution of the intensity of
direct Y -transitions from the resonance-like deep-hole bump to the.
ground s'‘tate « But our goal is to show that no conclusions on

the decay mechanism can be drawn from this resemblance because al-

though 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.

T(M”JOILAM“V'S“’. 1 Pig. 1. Strength functions of the
15 :'ﬁ § -transition rates T(E,MA )
1ol : The one-quasiparticle parts
< I - of the transition rate are
displayed by the dashed cur-~
TE2) L ves, the solid curves are
15 (*20 the results of the complete
100 i calculations.
osl : a) Mi-transitions 9/2%7/27
. ¥ b) El-transitions 9/2 »11/21
20| TEN n c) E2-trangitions 9/2% 7/?_+
20 P
I : -
10 /, \\'4‘
; 23 L 5 6 7 ‘GE’:MeV .

To analyze the decay mechanism of 9/2+-statea in 111Sn, we cal-
culate the absolute intensites T(E,MA) ofb’—transitions. The results
are presented in fig. 1. The contribution of the one-quasiparticle
part of the transition rate (|0(+> => ol >f) for Mi1-transition
g/2%> 7/2+ ., and El-transition 9/2%» - 11/2] is shown by the dashed
curve. The shape of the curve coincides with the function
Lo E" (B (X is the trensition multipolarity). The E'-de-
pendence comes from the expression. for T(E,MA): A

T(E MA) = Br () L {—E—*)“MB(E MA) -
’ A@anT* R e/ - ’

By the golid curve we show the calculations where both partial trah-
sitions lcﬂ+ -=>|o(+> and o G+> => > are taken into account.
As in ref. , the results are presented in the form of the strength
functions with the aversging parameter A =0.5 MeV. We also display
in fig. 1 the 1ntensity of E2—transitiona g/2%> 7/2+ that go ex-
clusively via the |d Gl+) =t way. For any reasonabie value of
neutron effective charge the transition foit > st > ¢ is more than
two orders of magnitude less than |o(+G+) => fol*, >4 transition. We get
the same picture for E2 tramsitions 9/2% >5/2



The dlrect H transltlons to the low-lying states from the ener-
gy range E >6 MeV go predomlnantly through the "quasiparticle @ phonon"
components. This is quite natural because the contribution of the one-
-quasiparticle component to the wave functions of 9/2%-states at
these energies is small, as it follows from our calculation.

The most interesting range to discuss is E (6 MeV. The inten-
gity of the M1-transitions from this range is more than one-half of
the El-transition intensity (note, we use effective spin-gyromagnetic
factors geff_O.Bfree), and the intensity of the E2-transitions is
much lower. The interesting feature is that the character of E1- and
M1~ transltlons is different. An admixture of collective components
’fhwz ®Cl(4)> in the wave functions of 9/2 -gtates at E <6 MeV is
extremely small, that is why the El-transitions 9/2 -911/21 are de-
termined by the one-quasiparticle part |d,> => |t )}.
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Fig. 2. Strength function of the reduced M1-transition probability
B(M1, 9/2t;7/2; . )+ For notation see fig. 1.

As for the M1-transitions from the range E'<6 MeV, both compo-
nents, iaes,ld @+>'>ld+>¥ and [d*> =>|d+>+ , give approximately the
same contribution to it. It is vividly seen from fig. 2, in which
the reduced transition probability B(M1, 9/2 *7/2;.8.) is shown. This
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calculation is performed with the averaging parameter A =0.1 MeV. The
strong peak at E'=3.75 MeV will be suppressed in the cross-section
of (3He,dx')—reaction because of the small contribution of 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 HQa&G’@fU+)> The strong interference of both compo-
nentsid+> >kif> and hi+G > ot >4 of Mi-tremsitions takes place
in the energy 1nterval 4<E <5 MeV. The interference has a destructive
character and changes essentially the result obtained only with the

+) -)k* >f'component. That is why we want to point out that the
partial transitions of the |d+Q ) ~>‘d-> -type cannot be neglected
in considering the ) -decay of hlgh—lylng gingle-particle (or hole)
states especially if in the range of the one-quasiparticle strength
concentration the "quusiparticle @ phonon" states with the same v
are placed.

in summary, in the framework of microscopic approach we have

presented for the first time the calculations of the { -decay rates
of the neutron 1g9/2 deep~-hole resonance~like structure in 111Sn to
the ground and low-lying one-quasiparticle states. We have found the
almost pure one-quasgsiparticle character for Bl-transitions 9/2t911/2;
and strong destructive interference between one-quasiparticle and
collective "quasiparticle ® phonon" terms for Ml1-transitions
9/2% 7/2g.5a' So, in some cases the collective "quasiparticle @ pho-
non" components of the wave function may play a crucial role in g -
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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Brosun A.H. n gp.
Brnap womnownonT ''kDaanuacTUya ® PpoHoH!'
8 FaMMa-pacnafn DBLCOKOBO36YHAEHHX COCTORHMI

B pamxax KBa3UNACTUUYHO-POHOHHOM MOAENM RAPA paccum
ramMa-nepexogos /E1, M1, E2/ ¢ BhCOKONEexawen pes3oHaHCHO
COA3AHHON C BO3GymWAEHUEM HEXTPOHHOro AHPOYHOIO COCTORHU
Ha'0CHOBHoe u cnaboBsoabywgeHHue OAHOKBAa3MUa3CTUUHHE COCT
UMA BHCOKOBO3GYKAEHHOTO COCTOAHMA BKAKYana KOMMOHEeHTH '
n''KBaanuactuya @ ABa ¢oHoHa'', [finn El-riepexoga 9/2+4 11/
B NEpexoA AANT O[HOKBA3UUACTHUHBE KOMNOHEHTH BONHOBHX ¢
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TaHs BEPOATHOCTM

~NoAOGHOM CTPYKTYpH,
A (1gg,9 tagpa 11igy,
0AHMA. BonHoBaa ¢yHk
KBa3uuactuya @ gpoHoH!
27 ocHoBHOI BKnaa
YHKUMH HadanbHoro

M KOHEUYHOro cocToaHui. EZ-nepexog 9/2% - 7/2+;s MAaeT 3a cueT npuMeced cocto-

AHWIA ''KBasauuacTuya @ goHou'
HabnwaaeTcAa cunbHan AecTpyk

. Ana Ml-nepexopa ¢ cocToaHw 9/2% 8 ocHoeHoe
THBHAR MHTEPQPEPEHUMA BKNAAOB OQHOKBAZUUICTUUHMX

u ''kBaanMuacTuya ® poHoH'

KOMNQHEHT. Taxkum oBpasomM NOKAa33HO, UYTO KOMNOHEHTH

"'KBasnuacTuya e GoHor''

MOTYT urpPaTe K/KUEBYW POfib B NPABMSILHOM OMNMCaHUM

F3MMa-nepexoaos C BbICOKONEXAlWX OAHOYACTUUHLIX MMM rNYGOKONENAWNUX ABIPOYHLX
COCTOAHUA .

PaBoTa sunonHena s Jlabopatopum TeopeTHuecko on3nkm QUAU.

Mpenputr O61emmentoro HHCTHTYTa AllepHBIX HCCnedcoBaHuii. llyGHa 1986
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The Role of "Quasiparticle ® Phonon' Components

in Gamma-Decay of High-Lying States

For the first time the y -decay rates of highly excited nuclear states
of odd-mass nuclei into the low-1ying one-quasiparticle states are calcula-
ted in 3 microscopic way. We conclude that ‘not only one-quasiparticle compo-
nent but also ''quasiparticle e phonon' components of the wave Function of
highly excited states can play an important role in thelr Y ~decay.

The investigation has been performed ot tha Laboratory of Theoretical
Physics, JINR.
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