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T, collective dipole strength decreases rapidly
and since prominent single-particle analog states
occur" at energies above the main (T,) GDR
which complicates the identification of the col-
lective T, strength.

The approximate constancy of t/' over a large
mass region proves that the major part of the
displacement energy between the different isospin
components of the collective dipole state is well
described by the assumption of an average sym-
metry energy which is about 60%%ug of the s.p. val-
ue. The average of all values in Table I is 58
+ 5 MeV. A small residual dependence of t/' on

T, evident in Table I, is well fitted by V=67(1
—3.9T/A) MeV. Terms of this order in T/A,
which have been neglected in Ref. 7 but may be
obtained from Ref. 11, cannot account for the
sign of the observed deviation.
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Energy Displacement of Dipole Isodoublets*
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(Beoeived 28 July 1971)

The difference in energy between the two isospin components of the giant dipole reso-
nance in a nucleus with nonvanishing neutron excess is studied. An estimate is present-
ed where this difference is expressed as a function of the mass number and the ground-
state isospin of the nucleus.

The isovector nature of the interaction of an
electric dipole field with a nucleus implies the
familiar isospin selection rule AT =~1, 0 with no
zero-to-zero transitions. Since the isospin in
the nuclear ground state has normally its mini-
mum possible value, i.e., T =(N —Z)/2, the elec-
tric-dipole absorption of photons by a nucleus
can only lead to the formation of states with iso-
spin T or T+1 with the first possibility disap-
pearing when T =0. Estimates of the fraction of
the total absorption strength associated with each
isospin group are already available' with the gen-
eral conclusion being that the AT =0 transitions
are normally (for T ) 1) stronger. This is relat-

ed to the fact that there are in general more
(particle-hole) configurations leading to T —T
transitions, with this number becoming larger
when the number of excess neutrons increases.

The characteristic structure of the two (i.e.,
T and T +1) spectra is also of some interest.
This has been studied' in some detail theoretical-
ly for nuclei in the A =90 region. Predictably,
the dipole strength was seen to concentrate near
the high-energy end of each group. The states
with isospin T (which contained the normal giant
dipole resonance) were in general located at en-
ergies lower than those of the states with isospin
T+1 (which are also analogs of levels in a neigh-
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boring nucleus). This displacement in energy is
a result of the competition between (a) the sym-
metry energy, which tends to move states with

higher isospin to higher energies, and (b) the dif-
ference in the particle-hole interactions, which

(since there are more states in the T low-er

group) works in the opposite direction.
Rather than continuing the study of individual

cases we will present in this note a simple and

rather general estimate of the average displace-
ment energy between the centers of strength of
the two groups. " This clearly corresponds also
to the energy difference between the giant mem-
bers of each spectrum. Denoting these two ener-
gies by E~ and E~+» respectively, we can follow
a schematic approach' and write

E„,= ~+v+g Ib„,l',

E, = ~ T'v-+ gib, l'

Here ~ represents the average single-particle
excitation energy while U is the symmetry ener-
gy as expressed, e.g. , by the Lane potential. '
The last term in each expression corresponds to
the particle-hole interaction, which was assumed
to be proportional to a coupling constant g and the
(reduced) dipole strength in each case. The
strengths lb'„l' and lbr l' were estimated in Ref.
2 with the results

lb„, l'=S, [1 —a, j, lb, l'=S, [1+T 'a, j, (2)

where

S, = NZ/2yA =A/8y =A'i'/8y 0

Our remaining problem is the evaluation of the
quantity UD which is essentially a symmetry en-
ergy for dipole states, i.e., includes the effect
of the particle-hole interactions. Since the sym-
metry energy U is known to be'

U = VIT/A,

with

(8)

g g A 5/3 (10)

where g, is a mass-independent constant to be de-
termined later on. From this expression and the
result of Eq. (3) we then obtain for the dipole
shift

gS, =E,A '", h, =g,/8y,

Remembering that the single-particle excitation
energy is also inversely proportional to the nu-
clear radius, i.e.,

V, = 100 MeV,

and since the quantity o. IS, is already given by
Eq. (4), we can determine UD if we first deter-
mine the coupling constant g. We will obtain this
parameter by requiring that ED have the general
behavior familiar from the giant dipole reso-
nance. ' We first find the mass dependence of g
by noting that g times the square of a (single-
particle) dipole matrix element represents in
this picture a nuclear two-body interaction ma-
trix element which varies with the mass number
as A '. Since the dipole matrix element is pro-
portional to the nuclear radius, "i.e., A' ', we
obtain for the mass dependence of g

aIS, =(T/10)r, A'". (4) 0 (12)

The quantity S, is essentia, lly (a shell-model es-
timate of) the total dipole transition strength, y
is the radial oscillator parameter given by y
=ypA, and rp is the parameter appearing in
the expression for the nuclear radius, R =rpA'".
If we now introduce the definitions

we obtain

ED = (eo + 60)A

i.e., the correct mass dependence for the dipole
energy. ' The mass dependence of g, Eq. (10)
can now be introduced in Eq. (5) which together
with Eqs. (4) and (8) yields

ED f +gSp UD U gQ iS0 (5)

Er+ s ED+U~, E~ —E~ —T UD,

we can rewrite the expressions in Eq. (1) in the
form

T T 2 -$ T
U. =V

A g 10r, A '=(V, ~,)A

where

z, = 0.8y,~,'S, .

(14)

(15)

or alternatively

1 T
Z'+1 &+ &

T+1
Eg+ g

—Ez — ~a

We notice that the correction due to the particle-
hole interactions has the same T/A dependence
as the symmetry energy. In order to obtain
rough numerical results we can set 0.8ypxp = 1
(with y, = 1 fm ' and r, = 1.2 fm) and let e, = 40
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Mev. If we then require ED= 80A '" we find
from Eq. (13) A, = 40 MeV and therefore also 6,
= 40 MeV. With Eq. (9) kept in mind we finally
arrive at the result

Uc= [(100-40) MeV]T/A =(60 MeV)T/A. (16)

We summarize our results as follows. In the
discussion of the isospin splitting of single--pro-
ton levels we start with the observatien that the
single-proton energy is equal to that of the cor-
responding neutron plus the Coulomb energy
minus the symmetry energy. The latter mea-
sures the difference in the nuclear interactions
between a neutron and a proton with the nuclear
core. The energy difference between the two
isospin components of the proton state is then
given (apart from the geometrical factor) by the
symmetry energy. In the dipole problem, how-
ever, we are comparing the energy of neutron-
proton-hole states with that of proton-proton-
hole and neutron-neutron-hole states in order to
find the appropriate symmetry energy. Together
with the particle-shell interactions this involves
also the difference in the particle-hole interac-
tions which, as we found, reduces the effective
symmetry energy. The separation of the two iso-
spin components is then given by a familiar ex-
pression [Eq. (7)] but with "symmetry energy"
appropriately evaluated for the dipole problem.
Our approach has been rather simple-minded but
it should be expected to describe general trends
and to provide a meaningful comparison with ex-

perimental data. "
We wish to thank Professor P. Paul for sever-

al stimulating discussions.
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It is shown that the systematic asymmetry observed between positron and negatron
emitters in mirror Gamow- Teller P decay is not due to binding-energy differences be-
tween the respective P-transforming nucleons; it must be due either to a fundamental
weak interaction effect or to a nuclear structure effect of some type not yet quantitative-
ly discussed.

Mirror Gamow-Teller P decay takes place from
analog T =1 states, such as 'Li and 'B, leading
to a common T =0 final state, or from analog T
= & states, such as 'Li and 'C, then leading to
analog T =

& final states. Contrary to simple
ideas, the reduced speeds of the mirror positron
and negatron transitions, (ft)' and (ft), respec-
tively, are systematically different' '; the asym-
metry parameter 5 =(ft)'/(ft) —1 is typically

+0.15 or so, as is shown in Tables I and II.
This surprising asymmetry may be due either

to a new weak-interaction effect such as a sec-
ond-class current" of some type' or to a failure
of exact symmetry in the nuclear structure. It
is critically important to distinguish between
these fundamental and trivial explanations. Of
the trivial effects so far considered quantitative-
ly, the only one of significant magnitude is that
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