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Pion elastic scattering and double charge exchange on heavy nuclei
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The m-nucleus optical potential is extended to open shell nuclei by employing the generalized seniority
model and partial Pauli blocking. The calculated optical potentials areitniacleus elastic scattering data on
%zr and 2°%Pb at resonance as well as low energies. The ranges afthiateraction are determined by a best
fit to experimental data. The angular distribution at 48 MeV pion lab energy and energy dependence of the
double charge exchange cross section on Te isotopes are calculated. The existing experimental data are
reproduced by using the ranges in the vicinity of the averaged rang&&ménd 2°%Pb determined in fitting
elastic-scattering data.

PACS numbgs): 13.75.Gx, 25.80.Gn, 24.10.Ht, 21.60.Cs

[. INTRODUCTION double isobaric analog statBIAS) transition, plays an im-
portant role in the ground-stafg.s) transition. However,
The pion-nucleus double charge exchafig€X) reaction  that investigation is only schematic, since it is based on the
is a unique tool for revealing nucleon-nucleon correlations irplane-wave limit.
nuclei[1,2]. However, the existing studies of the DCX reac- In the present work we study the DCX reaction on Te
tion are mainly on light nuclei. Since for medium and heavyisotopes based on the generalized seniority model together
nuclei the nucleon-nucleon correlation also plays a very imwith the most important “realistic” elements of the DCX
portant role, one can hope that the study of DCX reactiongeaction: the nuclear density distribution, and distortions in
may bring about new opportunities to deepen our underthe incoming and outgoing waves and ther® propagation.
standing of the structure of these nuclei. The paper is organized as follows: Sec. Il discusses the
There exist several theoretical studies of the DCX reacecalculation of thew-nucleus optical potential with Pauli
tion on Te isotope$3,4], but they are in a less quantitative blocking in an open shell nucleus. In Sec. Ill the calculated
stage, compared to the study of DCX in the light nuclei. Inoptical potential is fine tuned by fitting to elastic scattering
[3] the quasi-particle-random-phase approximatiggn-  data on®°Zr and 2°Pb. The DCX reaction on Te isotopes,
QRPA) is applied to account for nucleon-nucleon correla-which is the primary aim of this work, is discussed and cal-
tions in nuclei, and the authors are able to explain the DCXulated in Sec. IV. Section V contains the conclusions and
rates by adjusting the particle-particle interaction strengthsliscussion.
[3]. While pnQRPA has gained some success in the study of
double peta dgcay, one needs to be more care_ful When the || CALCULATION OF #-NUCLEUS OPTICAL
methpd is applied to the study of the DCX reaction, since a POTENTIAL FOR OPEN SHELL NUCLEI
prominent feature of the pnQRPA is the nonconservation of
particle numbers. The DCX reaction is a complex multi- To investigate ther-nucleus optical potential a formalism
stage process, which involves two charge exchanges, theas proposed iri6,7] and applied to closed shell nuclei.
propagation of intermediate® and the scattering of incom- However, for open shell nuclei the nucleon-nucleon correla-
ing and outgoing pions. Pion scattering from the remaindetion makes all the single-particle orbits in the valence shell
of the nucleons is crucial in calculating the DCX cross secpartially filled, and the Pauli blocking, which has been
tion and requires a realistig-nucleus optical potentidh].  shown important in the calculation of optical potentil,
Therefore, it seems more appropriate to employ a nuclearecomes complicatedfor convenience, hereafter, we call
model with well-defined nucleon numbers, from which onethis blocking in a partially filled shell “partial Pauli block-
can derive a realistier-nucleus optical potential. In this re- ing”). In this work we modify the formalism of Ref§6,7]
gard, the shell model appears more advantageous, as it prt® incorporate the partial Pauli blocking by using the scheme
vides a nuclear wave function that conserves the number dif the generalized seniority model.
nucleons. However, the huge configuration space presents a The generalized seniority model is a good approximation
formidable obstacle. As is done in the nuclear structurevhen the nucleus has valence nucle@rsprotons only [8].
study, one often employs simplifications of the shell modelln this case the ground state is well approximated by a con-
in dealing with the nuclear wave function. The generalizeddensate of angular momentum z&roonopolg pair, where
seniority model is one such simplification, and it has beerthe internal structure of these monopole pairs is mass inde-
applied[4] to the DCX reaction. It was shown in that study pendent. For the heavier nuclei investigated in this paper,
that nuclear structure, while relatively unimportant in thesuch as the isotopes of Te, we will use a less restrictive
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TABLE 1. Pair structure coefficients oF*’Te and**e in the  wherej represents the single-particle orbit while other nota-
generalized seniority scheme. tions are the same as in above. The extension to open shell
nuclei is trivial:

j 712 5/2 312 1/2 11/2
a, 19403 08561 04510  0.3937 —0.3792 Vv=> t_a . a

. 4 J2l1 = pm™ ) me
y, 02015 0.0392 00109  0.0083 0.0077 j2izm
@, 13390 1.5898 03694  0.5418 —0.4719
y,, 09583 09698 05932  0.7736 07162 Where

ty,i,= (K" &, [tan(E) [K; ), (2.9

interpretation in which the ground state is still described as a
condensate of monopole pairs but where the internal strugvhich is different from Eq.(2.4) by including the off-
ture is taken to be mass dependent and determined from diagonal matrix elementsj{#j,), since all the single-
ground-state energy minimization procedure, as is done iparticle orbits in the valence shell are partially occupied.
Ref. [9]. It has been shown that this less restrictive general The optical potential can be taken as the expectation of
seniority scheme yields an excellent approximation to thehe operatoV
results of a complete shell-model calculation for a series of
medium and heavy nucléB]. In the following we will use (k’|V0pt(E)|k):<g.s|\A/|g.s>, (2.6)
this extension of the generalized seniority scheme.

In the extension of the generalized seniority scheme useg@here|g.s) is the ground state in the generalized seniority

in this work, the ground state is written as scheme. It is obvious that, for closed shell nuclei this formal-
ism is identical to that in Ref$6,7], however, it also works
|g.s)=|S7NT’TS':V>, (2.1 for open shell nuclei.
Since off-diagonal terms in Eq2.5) break the seniority
where zero pairsS!. andS! [Eq. (2.2)], their contribution to optical

potential in Eq.(2.6) will vanish and only diagonal terms are
relevant. Therefore, we can have

. N
S=2 auSi): 8= 5(¢],0,)

(p=m,v). (2.2

(K'|Vopd E)|Ky=(S,NSN=|V|S,Nvs N=)

=2 (K &jltun(E)lkey)(2) +1)y;,
The pair-structure coefficientsy,;, are determined by a :

variational calculation to minimize the energy of the ground 2.7
state and are thus mass dependent. As an example, in Table |

we list the pair structure coefficientsaken from Ref[9]) for ~ Where

13%Te and *%e. In the generalized seniority scheme the

particle number conservation is strictly obeyed. 71:2 <SVNVS7TN,T|aj‘rmajm|SVNyszw>, (2.9
Following Refs.[6,7], the optical potential can be ex- m
pressed as

which can be calculated by a pair-operator expansion tech-

A—1 nigue of[10], and the results are listed in Table I.
(K'|Vop E) [k} = —7— 2 (K gilt(B)ke), (2.3 Next we consider the Pauli blocking for the partially filled
' orbits. Since the coefficieny; is the occupation probability
of the single-particle orbif, it seems reasonable to assume
that the effectiveness of Pauli blocking is proportionay}o
thus, the Pauli-blocked matrix, t;;, can be taken as the
following combination:

wherek andk’ are the initial and final momenta of pioA,is
the number of nucleonsg; is the bound state of thith
nucleon, and the operatoy;(E) is T matrix of the scattering
of the 7 from theith nucleon([6]). For heavy nuclei the
factor (A—1)/A is almost equal to one, thus it can be ne- , /

s : b= 7K dloan(Ek) + (L= n)(K bt ® k).

For open shell nuclei it is more convenient to work in the '

second quantized formalism, in which the above optical poj ¢ | thesN T-matrix element with the partial Pauli blocking,
tential (for closed shell nuclgican be expressed by the fol- t;;, takes the value of therN potential when the orbit is

lowing operator: blocked, and it takes the value of the\ T matrix when the
orbit is not blocked. We calculate the optical potential of
90 20 128,13 H
¢ / Zr, 2%%Pb, and'?®13%e, and the results are to be tested in
V=2, tial ai,, wheret;=(k'|t.n(E)|ke:), ' » A ’ :
%"n IHm=im 1§ = (K gl tan(B) k) elastic scattering and double charge exchange reaction,

(2.4 which are discussed in the following two sections.
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Ill. ELASTIC SCATTERING ON MEDIUM
AND HEAVY NUCLEI

Due to the crucial importance of the wave distortion in
the DCX reactior{5], we shall test the validity of the calcu-
lated optical potential by fitting the-nucleus elastic scatter-
ing on heavy nuclei. A recent woik1] has shown that the
calculated optical potential can reproduce well the elastic
scattering on light nuclei such a@¢C, %0, and “°Ca. To
serve the purpose of this work the ideal test objects would be
the isotopes of Te. However, restricted by the availability of

experimental data, we will instead test the optical potential Z 07 (i )7y |
calculation by fitting the elastic scattering 8#Pb and®’zr ag0 o
[12—-14. The fitting will be conducted on low energies 30, 4.05 4.10 4.15 4.20 4.25
40, and 50 MeV as well as on the resonance regiép ( R, (fm)
=162 MeV). _ _—
The optical model for the pionic elastic scattering and the FIG. 1. Contour diagram of the? on *Zr.
fitting strategy are described in Rdfll] and references
therein. Here we only note the following: ing a Schrdinger equation with a Woods-Saxon type of po-

(1) In calculating thew-nucleus interaction six rangeg  tential well, the parameters of the well being determined
are employedas in Ref[11]), which correspond to the six under the condition that the nuclear density has the correct
N partial waves. Due to the influence of the nuclear envi-ms proton radius(f?)) and diffuseness, which are listed in
ronment, those ranges are expected to be different from thilne electron scattering dafd5]. The charge radii are cor-
7N data and from the results which are derived from fittingrected for the finite size of the proton.

light nuclei. However, because of their origin in theN However, the neutron density remains poorly known. Our
system, we will take those values as “reasonable” if they arestrategy is to survey a series of different neutron radii and to
not too far away from their correspondingN values. find the minimal value of?, as is done if16]. We create a
(2) For the true absorption we use the form obtained fronseries of radii for both proton and neutron parts of the den-
40Ca, sity for the nucleus under investigation. For each pair of
proton and neutron radii, a minimum is reached {érwith
Z-N - I'?/4 a search on the ranges and multipliers. With those minima

(3.1 we make a contour diagram, then find the lowest minimum

x? value and thus determine the proton and neutron radius.
whereEy=215 MeV,T'=77 MeV, Z andN being the total  Figures 1 and 2 show these contour diagrams®ar and
number of protons and neutrons of the nucleus, respectivel %Pb, respectively. These diagrams indicate that the radii

abs

515 ,
200 (E—Eg)?+T%4

This quantity is to be multiplied by the product of the neu-Wh'%' give lowesty? values areR,=5.30 fm'Rgoz 5.60 fm

tron density times the proton density with each normalized tdor b, andR,=4.17 fm andR,,=4.25 fm for ="Zr. These

unit integral probability over the radial variable only. proton radii are very close_ to the corresponding values deter-
(3) When the incomingm* reaches the surface of the Mined by electron scattering.

target nucleus its kinetic energy will be decreased roughly by Tg‘oe structure of the oscillations of the 162 MeV
an amount of 7+ -29%pph data turns out to be sensitive to the nuclear dif-

fuseness, and a diffuseness of 0.65 fm seems give the best fit.

- zé
- 1.4(A)l/3’

(3.2 5.75 [

and hence the optical potential for tae” should be evalu-
ated with an appropriately reduced kinetic energy. The val-
ues ofAE are about 14 MeV for®Pb and 9 MeV for®zr. =
One needs to take into account this kinetic energy reduction &
in the optical potential calculation, especially, if one deals ~
with low-energy pions. Likewise, when leaving the nuclear M
surface the kinetic energy af ™ is increased by an amount
AE, and the same treatment is needed in the calculation of
the optical potential.

(4) The single-particle wave functions are important, .
since (in the present workthey constitute the nuclear den- R A '25 ' 5'35 . ;5 Py
sity, which determines the distortion of the incoming and ' "R (fm) |
outgoing pionic wave, and, in turn, influence the DCX reac- }
tion. We calculate the single-particle wave function by solv- FIG. 2. Contour plot ofy? on 20%D.

5.65 |

545 b
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FIG. 3. Pion elastic scattering otfZr. The

solid line represents the calculation, and points
are the experimental dafa3,14].

This skin value is also in the vicinity of the electron scatter-and calculations is excellent. Table Il lists the ranges ob-
tained by fitting the two nuclei. For a comparison we list also
Figures 3 and 4 show the comparison of the experimentahe ranges for°Ca from Ref[11].

ing

and calculated cross sections of the elastic scattering2m

data[17].

x? for 2%%b is 1083 for 172 data points, apd of °°Zr is

and 2%%Pb, respectively. The agreement between experimerit63 for 52 data points. The ranges from fits to the elastic
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TABLE II. Ranges from fits to?®Pb and®%zr. is zero for the DCX reaction in a shell with same-parity
: single-particle orbits and for the forward in the plane-wave

Partial Qi a Qi Qi limit [4]. However, we note that an in-depth investigation of
wave %0zr 2%%ph “%Ca 128.13re the SSF contribution in heavy nuclei is needed. In the multi-
Su 404 265 147 300 J aCi?ngrlr; !s more convenient to express the DCX operator in
Sa1 497 576 556 550 P ’

P11 277 202 343 400

_ S RN SN
Pa 210 563 237 400 |:_J > Go iz (bl1b 27 (3 3 )%, (4.2
Pis 253 518 173 380 AlaiatAisiat

Pas 1173 1309 1207 1130

where{j,j,} meansj;=j,, and the scalar product is defined
as

scattering onzof(l)Db and °Zr, as is expected, are different

from those for*“Ca, but these fitted ranges all seem “rea- J RpI_ _1\MpJd R

sonable” and the two sets of ranges fPPb and®zr are ATB % (=D AWB - “3

not very different from each other, even though the two nu-

clei have a large difference in mass. Due to lack of experiThe NSF two-body matrix elements consist of direct and
mental data on elastic scattering, we are unable to determirexchange terms

the ranges for the Te isotopes through a similar fitting pro-

cedure. However, it is reasonable to look for the ranges of Te

isotopes in the vicinity of an average of the rangeS%Pb GS"?jFljz}y{th}: —— (=)t iz latlitlr el
and °%Zr. In Table Il, column 5, we list one such set of Alrzy
ranges for the Te isotopésee Sec. Y. The normalizations i1 i, J
and multiplying factors, as defined in RgL1], are shown in XE H o }QL(jlj 2QL(j2ja)
Table IlI. C (s Ja L
IV. THE DCX REACTION ON TE ISOTOPES X12(1234+ (— 1)JEx.], (4.9

A. DCX operators in a multi-j shell
The extension of the formalism of the DCX reaction from WhereQy (jj) and integral (1234) in the direct term stand
a singlej shell casg1] (AGGK) to a multij shell case is for
straightforward. We use the same notations as AGGK except

as stated otherwise. The DCX operatior coordinate spade o 1o oo gl Ts Lyl I L
i d Qu(idda) =\ z=l1l3(i1i3) C )
is expressed as 41 0 0 O0/ljz j1 12

FiaKK)=[Fo(ry,r2) + Fi(ry,r2) oq- €05 €]
*T_(1)T_(2), (4.2 |E(1234):J drydroFo(ry, 1) Yi(F1) - Y (Tp)

where F, and F; are related to non-spin-fligNSPH and Xprag(ra)-piy,(ra), (4.9
double-spin-flip(DSPH processes, respectively. The neglect
of single-spin-flip(SSH term is for simplicity and is thought and
to be a reasonable approximation, since the SSF contribution
Q={(j1+ V2(j2+ 112)(jg+ 1/D(j4+ 112},
TABLE Ill. Normalization and scaling factors from fits €9%Ph

90
and "er. P (T D)=t (F) Yy (T),
Incoming Energy Normalization Normalization
particle (MeV) 208pp %0z¢ Aoz \/(1+ 8,i,)(1+8,),
ot 30 0.81 1.24 R
mt 40 0.96 1.39 1=2j+1. (4.6)
ot 50 0.82 1.07
ot 162 1.25 The expression for the exchange te(Ex.) is the same as
w 162 1.31 that for direct term except that the orbjtgandj, are inter-
changed. The multipolarity takes even values only when
s multiplier 1.24 1.21 the parities ofj; andj; orbits are the same, whereas it takes
p multiplier 1.22 1.14 odd values only when the parities pf andj; are opposite.

The DSF two-body matrix elements consist of
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o however, the actual expression of the matrix eleméntss
GJD,?jFljz}'{jgu}: —— (=1t iTlaTll more complex. The matrix elemerffg andG; can be trans-
Aoz formed to one another according to the following formulas:

ji 2 3 . .
X > H . }D)\L(JlIB)D)\’L(12]4)
LA ja J3 L

js L
Gofiyi Hisig=2(— Dt 132 {14 iz J}

X11(1234+(~ 1>JEx.] , 4.7
XE L tiiohisiah e (4.1

where

0 O

AAAAA 3 N .
= (114) s L
Da(i1ia)=V2l1l3\(j1]3) ( ) FLtiyi )il = Q( 1)l+lz+132 [ : ]

Ja d2 3
N1 oL an
L X Gy i Higigp I (4.12
x5 d1y
I3 3
3.z s As a verification of these formulas, one can let g be
R R equal and the formulas &, in the AGGK paper are repro-
|i(1234):f drydroFa(ry,r2)Ya(ra) - Yy (ra) duced.
We are interested in calculating the DIAS and g.s. transi-
Xpr1,(r)p,(ra), (4.8 tions which involve only the zeroth component of the DCX

A operator. In the generalized seniority scheme the amplitude
in which the vector spherical harmon¥g  (r,) is defined as of DIAS transition can be calculated as folloy:

YaL(r)=[Ya(r)Ya(e)]" (4.9
The multipolarityL takes odd values only when the parities (IE>DIAS/:NJl,;J 2 CDY™G i
of j; andj3 orbits are the same, whereas it takes even values 1k I {jaia}tialab
only when the parities of; andj; are opposite. O (bl ! @O
In multipole form the DCX operator looks the same as in X(S|[(Bb) P (b bl )]s )

the AGGK paper, -~ ~
x(S)[(afah) (a3, )OS}, (4.13

F:Q ) E . FL{jljz}v{jsu}(k’k,)
L{iaiat{isiat
where\/4 ! is the normalization of the double analog state of

X(b;rlajg)l"(b;r2514)l_/(2|-+1)’ (4.10 Xe isotopes, and

o —\23+1((S)"|(afah) S *(aj@0§"))28;; 8¢, I>0
N T4 Q) 370N
<SVV|[(aj ak) (ajsaj4) ] |SV V>: » (0) (0) " (414)
_<SV |(aJ aj) (ajsajs) |SV >5Jk5]3]4 JZO,

which can be calculated easily with the pair structure coeffi- From the discussion in Ref4] the only relevant configu-

cientsa,; (listed in Table J. rations are
The amphtude of the g.s. transition are much simpler than o o
that of DIAS[4]: {iajaHinior or {jajoHiain} (4.16
<|‘:>gS:<Xe,g_slﬁ|Te,g_s>z<5§Tstfl||‘:|5ﬂ5va> which greatly simplifies the calculations.

_ E GO{] i }<Sz|(bjT b}» )(0)|Sﬂ> B. Angular distribution of DCX cross section at E,,=48 MeV
v ! Due to their special importance in both DCX reaction and

gy~ doublep decay, the isotope$?®Te and*°Te have attracted

v 3. (O . S

X<Sv |(a]3a,3) |Sv ) (419 attention from nuclear physicisf8,4].
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T T | \ |
DCX:¥ Te(m*,m )3 Xe
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T T | \ |
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=
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FIG. 5. Angular distribution of the DCX reaction 0R®Te. The FIG. 6. Angular distribution of the DCX reaction di’Te. See

curves labeled DIAS and g.s. represent the double isobaric analdgig. 5 for an explanation of the meaning of the curves and points.
state transition and the ground-state transition, respectively. Two
types of nuclear wave function are used: generalized seniorityess confident about the choice Bf; range(1130 MeVk),
model and seniority model. See the text for a more detailed explag|though elastic-scattering fitting is not done. We note that
nation of the correspondences. The experimental data are tak@Re results in Figs. 5 and 6 are only preliminary, since the
from [18]. elastic scattering is not fitted and the DCX data are so scarce.
As is pointed out in Ref[4] that the general seniority
The valence shell protons and neutrons are in the samgave function, Eq(2.1), is not an isospin pure state. It has a
shell consisting of the following orbitsy7/2, d5/2, d3/2,  mixing of higher isospin componeiithe probability is less
s1/2, andh11/2. Since they are near-spherical nuclei, thethan 2%, which we call “spurious” isospin mixing. The
application of generalized seniority model is appropri@le  amplitude of this mixingg, can be calculated as follow4]:
In the generalized seniority model the number of nucleon
pairs with nonzero contribution to the DCX amplitude is S=NgySLSN T T_|S, SV, (4.17)
limited to 35, Eq.(4.16.
The rangesa; play an important role in double charge To remove this mixing, the following subtraction needs to be
exchange reaction as well as in elastic scattering. It is prefdone[4]
erable that one calculates the DCX reaction for Te isotopes
with the ranges which are determined in fitting elastic scat- <|3)g_s_=<|3>8_s_— 8(F)pias (4.18
tering. However, since there are no such elastic-scattering

data available, we instead look for a set of ranges, Whic'@vhere(f:f is the DCX matrix elements before removing
reproduce well the DCX data of Te isotopes and which are ifpis spurious mixing. In Figs. 5 and 6 the dotted line repre-

. . - 20 .
the vicinity of the averaged ranges 8%Zr and ***Pb. Since  gents the g.s. transition with the realistic seniority model af-

20 . . .. L .
the two sets of ranges of’Zr and *°Pb are very close de- ter removing this mixing. It seems that, while in general this

has reason to expect that Te isotopes, with an intermediate ¢ jg interesting to note that while two type of nuclear

mass, Sh%"d have ranges not too far away from the ranges gfave functions produce very different g.s. transition rates,

%zr and *Pb. _ the DIAS transition rates are very close. It confirms the same
We list such a set of ranges for Te in column 5 of Tableconclusion in a previous study in the plane-wave lifd.

isotopeg is calculated at the pion Iab. energy equal to 4;%1e two-step sequential process, whereas the g.s. rates have
MeV. Figures 5 and 6 show a comparison between experimore to do with nuclear structure.

mental datd 18] and calculations with this set of ranges for
128Te and *°Te, respectively. Two types of nuclear wave
function are used in the calculation: the generalized seniority
model wave functiorrealistio and the seniority model wave In the studies of DCX reaction for light nuclei at low
function. The upper solid line and long-dashed line represergnergies, a peak was observed in the vicinity Tof=40

the DIAS transition with realistic and seniority wave func- MeV. This peak has been understood as the consequences of
tions, respectively. The lower solid line and dot-dashed linghe pion propagation in the conventional two-step sequential
are the g.s. transition with realistic and seniority wave func{rocess, which includes not only the distortion @of and

tions, respectively. The two-orders-of-magnitude differencer™ but also the distorted Green function of.

between DIAS and g.s. transition data at 30 degrees is well We calculate the energy dependence of the pionic DCX
reproduced. It is found that the DCX cross section is veryreaction on'?®Te (Fig. 7) by using the set of ranges listed in
sensitive to theP;; range. Therefore, one may be more or Table Il. A peak remains at around 40 MeV, however, the

C. Energy dependence of the DCX cross section
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3.5 T T T T T The off-diagonal part in Eq(2.5) (with j;#j,) can change
DCX: "™Te(m*,m)*%Xe seniority at most by two, therefore, the second term in Eq.
3.0 1 DIAS (0=10°) } (5.2) will vanish, and the only correction brought about by
o5 | | the mixture of|»=4) is the last term in the right-hand side.
7 According to a phenomenological calculation in REf9],
3 2.0 7 the value of » for the near-spherical nuclei, such as
2 128,130rg128.13% @ s less than 0.2 so that thg term is only
g 15 . about 0.04, which is negligible.
= Second, we discuss the importance of higher seniority
° L0 F 7 components to the DCX amplitudes. As was demonstrated in
this work and in a previous worfd], the DIAS transition
05 - = . :
mainly depends on the two-body sequential processcat-
0.0 I NI ISR tering ands wave distortion, in which the optical potentials
20 30 40 50 60 70 80 90 100 are of crucial importance. The dependence of DCX ampli-

E o (MeV) tude on the pair coefficients of the generalized seniority
wave function is only minor. Therefore, one has good reason
to assume that the mixing of a small component 4) will
dashed ling and NSF-DSF (full line), respectively. The general- not bring about significant .c.hanges t(.) .the DIA.S amplltqde.
However, for the g.s. transition the mixing of higher senior-

ized seniority model wave function is employed for both cases_It moonents mav hav nsiderable effect. It is an in
NSF and DSF stand for non-spin-flip and double-spin-flip, respec- y components may have a considerable efiect. 1L1s a -

tively. The only experimental data point is taken fr¢@8], which volved t_asl_< to study the nuclear StT“Ct“re in a space with all
is extrapolated to the forward angle transition. the seniority four components which we leave to a future

investigation.

. The motivation of this work was to investigate the DCX
shape of this peak depends very much on the set of ranges_ .. . :
S . reaction on heavy nuclei such as Te isotopes, based on a
used. Therefore, the results in Fig. 7 can be viewed as onl

, . equential scattering mechanism plus realistic nuclear wave
tentative. To further test the theory, more experiments are i C o . hi h ical
needed. unction and pionic distortions. For this purpose the optica

potential is of crucial importance, therefore, the fine tuning

via fitting elastic scattering is indispensable. The fitting of
V. CONCLUSION AND DISCUSSION the elastic scattering off®b and®Zr reproduce the experi-
The application of generalized seniority model to themental data very well, which shows that the extension of the

study of DCX reactions is motivated by the success of thignodel of[6,7] is applicable to more complex shells.

model in the study of a series of medium and heavy nuclei FOr @ quantitative investigation on Te isotopes one would

[9]. However, when dealing with DCX reactions one has toneed to test the optical potential and to determine the param-
be more careful about the consequences of neglecting high&fers also via fitting elastic scattering. However, this is not

seniority components. possible due to the lack of data. Instead we took the average

First we consider the role of higher seniority components2f the parameters ct”Pb and*’Zr as guidance in determin-
in the calculation of the optical potentials. One could im-ing ranges for Te. This makes our calculation and the com-
prove the approximation by including a mixture of a small Parison to data less quantitative. However, the reproduction

seniority-four componenfdenoted agr=4)) as follows: of (rare DCX data on Te isotopes with a set of ranges in the
vicinity of the ranges of°%Zr and 2°%b is, at least, an en-

_ e N,a N, 0c N,—la N,-1 couraging sign of the adequacy of the use of the two-step
|9.5)=IS;"~S,") + 7|(D,D,)°S, S, ) sequential process and the generalized seniority model. To
=|v=0)+ y|v=4), (5.1 further understand the double charge exchange reaction more
experimental data are needed, especially for heavy nuclei.

B _ The nuclei?813e have been a focus of combined stud-
where|v=0) denotes the dominant compongfr. (2.0],  jes of double charge exchange reaction and double beta de-
and one assumes thaf<1. In the generalized seniority ¢4y since both reactions turn two neutrons into protons. It is
model the states with seniority higher than zero are not well31ra| to demand that any successful nuclear model should
defined. Hergvr=4) is understood as a seniority four state in be able to explain the two reactions at the same time.
the sense that four nucleons are not forming angular momen- ¢ PNQRPA gained success in reproducing the double
tum zero pairs. The optical potential produced by the valencggig decay by adjusting the particle-particle coupling
nucleons is strength g, [20]. However, in dealing with®Mo the

method encountered a fatal problem that is the collapse of
(K |Vop(E)|K)=(g.5|V]g.5) ground state, which is due to the violation of Pauli principle.
This collapse is repaired by introducing a numerical proce-
:<,,:o|\‘/|,,:o>+2,7<,,=o|\7|,,=4> dure called “renormalization[21]. However, the physics
. behind the violation of Pauli principle and the renormaliza-
+ nX(v=4|V|v=4). (5.2  tion procedure needs to be further explored.

FIG. 7. Energy dependence of the DCX cross sectiortféFe.
The rates are given for DIAS transition in the two cases: NIBfg
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The generalized seniority model, as is shown in this worktopesl. Although the probability of this mixing is very small,
explains the elastic scattering and double charge exchange ihcan contribute to the doubl@ decay significantly, since
a consistent manner, but it fails to reproduce the double betéhe matrix element of the Fermi operator is much larger than
decay datd22]: the calculated matrix element(st is about  its Gamow-Teller counterpart. Another phenomenon which
seven times as big as the experimental value; and all otheruld be related to our understanding of douBl@ecay is
shell-model-related models, such as the weak-couplinghe singleg decay, since the “hindrance” factor in single
model[23] and interacting boson modgl9], have the same decay is not yet well understood. The hindrance factor is a
problem. This discrepancy presents a serious challenge to tireimber needed to modify the singfe decay operators in
generalized seniority model. order to reproduce data; the factor is about 0.8 for ds shell
In Ref.[22] a schematic analysis of the doukfedecay nuclei [24] and about 0.3 for medium-weight nuclg25].
revealed that the generalized seniority mo@e$ well as The hope of understanding doubl decay based on the
other shell-model related approachemploys a wave func- generalized seniority model might exist in a joint study of
tion which has a small mixing of higher isospin component.the singleg decay and doublg decay with proper handling
We call this a “spurious” mixing since it is caused not by of the isospin.
underline physics but by the special choice of the wave func-
tion for the ground state. By removing this spurious mixing
the matrix elementMgt is reduced by 10%, which is not
enough to explain data but is in the right direction. A further  The work was supported by Colciencias and University of
consideration of the isospin involves the “physical” mixing Antioquia, Colombia, and by the U.S. Department of Energy.
of the isospin(caused by the Coulomb force and the chargeH.C.W. acknowledges the hospitality of the Physics Depart-
dependent and charge asymmetric nuclear interagtiolse ~ ment, New Mexico State University, during his visits to the
ground states of the isotopes Te and the intermediate isanstitution.
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