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Boson-conserving one-nucleon transfer operator in the interacting boson model
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The boson-conserving one-nucleon transfer operator in the interacting boson (Melis reanalyzed.
Extra terms are added to the usual form used for that operator. These new terms change generalized seniority
by one unit, as the ones considered up to now. The results obtained using the new form for the transfer operator
are compared with those obtained with the traditional form in a simple case involving the pseudospin Bose-
Fermi symmetnyUB(6)oU(12) in its UBF(5)@ UF(2) limit. Sizeable differences are found. These results
are of relevance in the study of transfer reactions to check nuclear supersymmetry and in the descrfption of
decay within IBM.
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The interacting boson mod€lBM) has been extensively with reasonable success for transfer reactions involving de-
used in order to describe spectroscopic properties of everiermed nuclei 3,4]. Scholten and Dieperink constructed the
even and odd-even nuclgi,2]. One of the observables stud- interacting boson-fermion approximatiditBFA) image of
ied within IBM is the stripping and pick-up single-nucleon the shell model single-nucleon creation operator, taking into
transfer spectroscopic intensity between even-even and od@ccount terms that change generalized seniority by one unit
even nuclei. The form of the one-nucleon transfer operator ind using fermion states with<2. Under these approxima-
IBM is an open problem of current interest for several reations the transfer operator that does not change the number
sons:(i) some calculations indicate that the form commonlyof bosons is
accepted is insufficient for detailed calculatid®$, (ii) it is
one of the___kgy_ points _fo_r chec_klng nuclear supersymmetry 7t —ual —E iﬁ»,- .10 [(sTxd)(Z)xaT,](”,
[4,5], and(iii) it is a basic ingredient for the study gfdecay Im-=rEm T NNV 241 iram
since in IBM it is described as a composed process of a (1)
neutron (proton pick-up followed by a proton(neutron
stripping [6—8]. Several forms for the one-nucleon transferwherea;rm is the odd-nucleon creation operator in the IBFA
operator in IBM have been proposed in the past based oboson-fermion space; is the occupation probability of the
different microscopic approaches. The original form, pro-single-particle orbif, uj=\/1—vj2, andN is the number of
posed by Scholten and Dieperif 10], was obtained in the bosons. The summation gn runs over the valence single-
generalized seniority scheme[11] by using the Otsuka- particle angular momenta and the normalized quantgies
Arima-lachello mapping methofll2] and the number ap- are[9,10]
proximation[13]. This is still the operator implemented in
the standard IBM codes and the most commonly used codes. Bjj=Qjrj(Ujrvj+ovju;)/Ng, 2
Alternatively, other forms based on the nuclear field theory
techniqueg 14], the use of random-phase approximation for Where
quadrupole phonons and mapping the fermion space onto the Qi =(] 1Y) &)
fermion-quadrupole space[15], and the generalized = J
Holstein-Primakoff mapping methdd 6,17 have been pro-  4nq N is a normalization constant obtained from the condi-
posed but there have been few actual calculations using thegg,
operators.

In this paper we reanalyze the standard IBM boson-
conserving one-nucleon transfer operator proposed originally > (Bjj )?=1, (4)

Sy

by Scholten and Dieperink and improve that operator by in- I
cluding extra terms that change seniority by one unit and arnerej andj’ are the valence single particle angular mo-

the next order |rd_—bosoncreat|on and anr!|h|lapon operator. . nia The operator,, which behave appropriately under

We show that this new type of terms give rise to Slzeablerotations aral —(~1)"d
i ) g " , e —m-

changes in the one-nucleon transfer spectroscopic intensities, As mentioned before, the expressidi was obtained un-

and consequently, conclude that they must be included in thger the restrictions of changing generalized seniority by one
standard IBM operator. ging g y by

The starting point is the IBM boson-conserving part of the "'t (f)nd lfs'(?)g fermion states _W'ﬂjgz'_ The _term[(dT.
one-nucleon transfer operator derived semimicroscopically<d)"" % &;,]m changes generalized seniority in one unit as
by Scholten and Dieperinf9,10] using the generalized se- [(s'X d)(z)XaJ-T,]%), and does not appear in the traditional
niority formalism[11]. Consequently, it is only strictly valid expression of the one-particle transfer operator. The reason is
for spherical nuclei where seniority is approximately a goodthat the derivation of the corresponding coefficient implies
guantum number. However, this operator has also been usélde use of fermion states wiih>2. However, this kind of
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terms are obtained naturally when using nuclear field theoryrhe orthonormal eigenvectors are
techniqueg14], or the generalized Holstein-Primakoff map-
ping method[16]. For this reason it is natural to wonder 1 "
which is the influence of this kind of terms. Taking into |F,k;JM>t=—J 2 Ci]'k||:,(i);‘]|\/|>; k=1,...n.
account these terms, the new transfer operator teads \/— =
9

TT =Th+ a xdhHDxd1W 5
2 ¢“ A ) I ® (4) The boson states are transformed to a new orthonor-

mal set according to the same transformation as the fermion
This is the operator to be used in IBFA if no distinction states

between protons and neutrons is made. When working with

versions of the IBM IBFA in which the proton-neutron de- n

grees of freedom are treated explicitly, all the operators in |B,k;JM)L:2 cl JBL(1):dM); k=1,...n. (10)
the preceding equation will have an indexv) if the trans- ="

ferred nucleon is a protdneutron. In this work the coeffi-

cients¢;;, will be obtained by requiring that the matrix ele- |t js easy to see that these new boson states are orthonor-

ments of the fermion operat@/ and the IBFA operato7] ~ mal using Eq(8).

between states @f=2 and =3 in the corresponding spaces (5) Finally, the mapping is done between the new fermion,
are equal. For that purpose, first one has to construch the Ed. (9) and boson, Eq(10), states

=3 shell model states that, in general, will not be orthonor-

mal. From this set of nonorthonormal fermion states a map- |F.k;IJM), <[B,k;IJM), ;  k=1,...n. 11
ping procedure onto the=3 orthonormal boson states is

needed. In this paper we use the so-callechocraticmap- In the following, we proceed with these steps and derive

ping [18]. This mapping is based on the diagonalization Ofsemimicroscopically, in the same spirit as Scholten and Die-
the shell model overlap matrix. In our case, the method starts

from a set ofn fermion states that are linearly mdependentp erink, the coefﬂments{)

but not necessarily orthonormaF,(i):IM)(i=1, ... n) First, it is necessary to construct properly the 3 states
and a set ofn orthonormal boson’ statefB, (i);JM)(i in the shell model space. In order to get this set, we start with
=1, ... n). Thedemocraticmapping follows the following € following unnormalized shell model states

steps:

(1) One has to construct the initial fermion states |SN"H(Dj);IM)=[C/x D'}, (SHN Yoy, (12
|F,(i);IM)(i=1,...n) and the orthonormal boson states
[B,(i);IM)(i=1,...n).

(2) One has to construct the mati®’ with the overlaps
of the fermionic states for each total angular momenfum

which, in general, contain=1 andv=3 componentsC}r
represents the creation operator of one nucleon in the single
particle orbitj and the fermion pair creation operat@sand

DT are[9]

03 =(F,(i);IM|F,(k);dM); ik=1,...n. (8

(3) The diagonalization of the matri®”’ provides its st=> a; \/E(CTCT)(O) (13
eigenvectors and eigenvalues. Let us €dlthenx n square 7ol v2

matrix containing the eigenvectofi®m columnsg fixed by the
condition 2, (C;,)2=1 and\’ the diagonal matrix contain- and
ing the e|genvaluesj. The following relations hold in ma-

trix notation

Df= 2 B \[c c/H®, (14)

0’.cl=ct.\’ (7)

and . ,
where the structure coefficientg and Bj;, are

O 3
aj: Wevjy B”r:Lt (15)

UjUj/

(CHT=(CH ™. 8

We prefer to write the operator in this way but with the appro-
priate angular momenta recoupling it can be written as
- Where,Bl, are defined in Eq(2), Q;=(2j+1)/2 and{),
, N ~ )
ijrm 2 (- 1))\‘])\[ - ]¢i]j,[(d‘rxd)()\)><ajf,]§rj]). =2ja; 2(2j+1)/2 is the effective sheII degeneraldj.
I Unnormahze& 3 states are constructed subtracting the
v=1 components in Eq.12) in the following way:
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[v=3;SN"Y(Dj);IM) |[F,0=3k;JM), <|B,v=3k;IM),, k=1,...n.
(21
|SNH(Dj);IMm) - -
= —)(J-le:l,N;J M), Since now thev =3 states are known both in the fermion
\/ (N=D!T'(Qe+1) space and in the boson-fermion space, the coeﬁicmmﬁ
! I'(Qe+t1—(N—1)) will be obtained by requiring that the matrix elements of the

(1  fermion operatoerTk and the IBFA operatorz}*k' between

states ofv=2 andv=3 in the corresponding spaces are
where the denominator in the first term on the right-handequal
side is introduced for later convenience in order to simplify

the expressions of some quantities given belo. W(Fo=3J;3]|c] |[sV'D;2)

=1,N;JIM) are properly normalized seniority= 1 states,)(jJ B ,

is obtained requiring that the overlap between the sidi@s =,(B,u=3| ;J||T,Tk||SN71d;2>- (22
and the states of seniority one is zero. The expression ob-

tained is With this requirement the following expression for the

coefficients¢; ; , is obtained

=\ gl ) ;
i~ Py o J

Iy Bl = (~DicIeu 26 —{CWIC) hal,
if Jis equal to one of the allowed angular momenta and zero e (23
otherwise. In the above derivation the number approximation
[13] (O[SV(SN0)=[NIT (Qe+1)J/[T(Qe+1-N)] has wherej=2j+1 and\’ is a diagonal matrix whose ele-
been used. ments are the square root of of the corresponding onas in

Once we have the nonorthonormal fegmion states, EQsthe square root of the eigenvalues®f). The transfer op-
(16) and (17), the matrix of the overlap®”, can be con- erator given in Eq(5) with the coefficients in Eq(23) is the

structed, obtaining form proposed in this work for a particlelike transfer. For the
case of a holelike transferred nucleon tifes andv’s have
O =(©=3;S""4Djn);IM[v=3;S""1(Dj,);IM) to be interchangeiin addition it should be noted that the
n n i ) reduced matrix elements given in E®) change sign if the
—5, 410 S 5 5| B B Ir 2 transferred nucleon is holelifd.9]]. This new form for the
mr & i & PlelPicim| 20 3 boson-conserving one-nucleon transfer operator has been

implemented in the IBM codg0] that are available under
request.

: . We have performed calculations both in IBM-1 and
Note that this expression tells us that the stdi are al- IBM-2 with these new terms in order to show their relative

ready orth_onormal V\.'heﬂ does not coincide with one of the importance and as a result sizeable differences are found.
valence single particle angular momenta. For the gener

case in which there are several single particle angular mo—eIOW we present a simple exar_nple. . .

. : . The observable we calculate is the spectroscopic intensity
mentaj that contribute to a gived one has to follow the defined as
procedure sketched above. First, the ma®ikis diagonal-
ized obtaining its eigenvectos’ and eigenvalues”’. Then,
orthonormalized fermion and boson seniority three states are
constructed as given in Eq&®) and(10)

(18

(330 = (37} 1132 (24)

J; is a state in the even-even nucleus dpd state in the odd
even. It is easy to show thaf(J;— J¢) =1;(J;—J;) and this
fact allows us not to specify which is the initial nucleus in
the table presented below.

As a simple example we present here one-nucleon par-
ticlelike transfer intensities between two nuclei that follow
particular dynamical symmetries of the IBM-1 and IBFA-1.
The even-even nucleus has just one boson, is the boson core
for the odd-even nucleus. The odd-even nucleus has one bo-
n son plus one particle and is descgtF)ed WithFin the pseudospin

~_ . _ J 1aN=1/4: - _ Bose-Fermi dynamical symmetty®"(5)®@U"(2) [21] ob-
|B’v_3’k'JM>L_;1 Cids™ H(dji); M), k=1,...n. tained from the product/®(6)®UF"(12), where the super-

(200  scriptsB andF stand for boson and fermion. In the odd-even

nucleus, the odd particle has been allowed to occupyj the
We are now in a position to map tfee=3 shell model states =1/2,3/2 , and 5/2 single particle states. Under these condi-
into thev =3 boson-fermion states of the IBFA tions, once the number of bosons is fixed, the wave functions

- 1 2 5
IF0=3kIM), =—— 21 Cv=3;SV"YDj;);IMm),

NS
k=1,...n. (19

and
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TABLE I. Calculated spectroscopic intensities for one-nucleon transfer between an even-even nucleus
with N=1 and an odd-evelB7(5) nucleus withN=1 plus one fermion. Results for transferrpd 1/2 |
=3/2, andj =5/2 are shown. Calculations made with E(B.and(5) are displayed under the labejs and
gs+, respectively. Only transfers involving the sté®a)=|[1](1)(1)2) in the even-even core nucleus are
included, since those involving the sté@g)=|[1](0)(0)0) in the even-even core have no contribution from
the added terms to the transfer operator. The quantum numbers in the first column specify the state in the
odd-even nucleus.

[N1,N5]{ny,no)(vq,0,)L5d j=1/2 j=3/2 j=5/2
odd-even state gs gst gs gst gs gst
[1,1(1,1)(1,1)1;1/2 0.900 0.477 0.800 1.542
[2,0]0,0)(0,0)0;1/2 0.539 0.539 0.000 0.000
[2,0](2,0)(0,0)0;1/2 0.600 0.980 1.200 0.844
[1,1](1,1)(1,1)1;3/2 0.000 0.007 0.900 1.638 2.800 2.181
[1,1](1,0)(1,0)2;3/2 3.007 2.526 0.217 0.067 0.000 0.003
[2,0](1,0)(1,0)2;3/2 0.071 0.015 0.217 0.451 0.000 0.003
[2,0](2,0)(2,0)2;3/2 0.000 0.053 2.100 1.659 1.200 2.164
[1,1)(1,0)(1,0)2;5/2 3.546 5.168 0.031 0.220 0.000 0.027
[1,1)1,1)(1,1)3;5/2 0.000 0.142 3.600 3.217 1.200 2.441
[2,0](1,0)(1,0)2;5/2 0.321 0.916 0.031 0.014 0.000 0.027
[2,0](2,0)(2,0)2;5/2 0.000 0.000 0.900 1.662 4.800 4.921
[1,1)1,1)(1,1)3;7/2 0.600 0.600 7.200 7.200
[2,01(2,0)(2,0)4;7/2 5.400 5.400 0.800 0.800
[2,0](2,0)(2,0)4;9/2 10.000 10.000

are fixed by the symmetry, independent of the parameterstates|[2,0](0,0)(0,0)0;1/2 and|[1,1](1,1)(1,1)1;1/2 in
used in the Hamiltonian. The occupation probabilities thathe odd-even nucleus. The staf@,0](0,0)(0,0)0;1/23 has
appear in the transfer operator are not provided by the symust one componen|{0g X a{,2)(1’2)> (see Table Xl in Ref.
metry. In the example presented here the values used a[81)), thus the connection with the stait2g) in the even-

2 _ 2 _ 2 _ . H 2
v12=0.503,=0.25, andv5,=0 that fulfil 2 (2j+1)v]  even nucleus can only be done through the terms

=2N. _ ~ (s'dal,)®252in the transfer operator. The new terms pro-
The states in the even-even core nucleus are identified byosed in this work give no contribution to these transfers as

the .Iabeés of thg wreduglble representations of the grouy js seen in Table I. The value zero for the 5/2 transfer is

chain UZ(6)>U%(5)2>0%(5)20%(3):|[N(ng)(v)L). In due to the value Z,,=0 selected. On the other hand, the state

our case, with just one boson, there are only two states, th .
. 1,1](1,1)(1,1)1;1/2 has two componentsee Table XllI
ground statg0g)=|[1](0)(0)0) with ones bosonand the ﬁ; R]e<f. [;(1]): )J%f(}sza§,2)<1’2>>fJ2_/5|nga;,2)<1’2>>.

excited state|2g)=|[1](1)(1)2) with one d boson The : : .
states in the odd-even nucleus are labeled by the labels g€ connection with the staf@g) in the even-even nucleus

the irreducible representations of the group chainc@n be done only by tha/ s, s,and the new terms. The

UBF(6) D UBF(5)D OBF(5)D 0BF(3) D SpirfF(3):|[Ny, values under the labels are those coming just frorzm;r . The

N, {nq,no)(vq,v5)L;d). values under the labgls+ include the contributions from;r
Since the ground state of the even-even nucleus hakb NO0and those Coming from the proposed terrdéc(aT)_ It can

bosonsthe only term of the transfer operator that contributespe seen that these contributions are important, constructive in

to the transferg from this state to any state in the final oddyne case and destructive in the other case.

even nucleus is thaka term. We have checked that our re- |t can be observed in Table | that some forbidden transfers

sults in this case coincide with those obtained analytically inwith the traditional operator given in E¢L) become allowed

Ref. [21]. The calculated spectroscopic intensities betweemwith the new one, Eq(5). We have performed calculations

the statd2;) in the even-even nucleus and all possible statesvith larger number of bosons with IBM-1 and IBFA-1 and

in its odd-even counterpart are presented in Table I. In thavith the two types of bosongeutron and proton(IBM-2,

first column the quantum labels corresponding to the state itBFA-2) and in every case sizeable differences are observed.

the odd-even nucleus are specified. Two calculations are In conclusion, we have calculated extka =1 terms in

shown, the first one under the labgsé for the traditional the bosonic expansion of the transfer operator that connects

operator given in Eqg(l) and the second one under the labelstates of IBM with states of IBFA. Through the comparisons

gs+ for the full operator proposed in this work, EqS) and  between the transfer intensities calculated using the transfer

(23). Important differences between both calculations can beperator with and without these terms in tH€(5) limit of

seen for some transfers. Let us discuss briefly the transfetie pseudospin symmetiy®F(6)@U"(2) [21], we have

involving the state|2g) in the even-even nucleus and the shown that the added terms are not negligible when com-
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pared to the ones taken into account up to now and expedtg an initial state in an odd-even nucle(®t necessarily
improvements in the description of the one-nucleon transfethe ground stateto all possible states in the even-even inter--
intensities using this modified operator. Calculations in themediate nucleus and then all transfers from these intermedi-

else[22]. too) in the even-odd nucleus have to be calculated. Thus,

many transfers contribute and it is important to study the

The influence of this modified operator for the calculation . g )
o . . . changes induced by the new transfer operator in its descrip-
of B decay within the interacting boson model remains to b ion

studied. The matrix elements needed in this case are of the
same kind as the ones needed in order to calculate spectro- Work supported in part by Spanish CICYT under Contract
scopic intensities. However, | decay all transfers connect- No. PB984111.
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