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I. Introduction

We are concerned in this paper with the isovector (IV) component of
electric ouairunole (E2) transitions between nuclear states. We extract
exoerimental values for E2;y amw:x elements from radiative nnmsmmnw.o:
data in the region B8 ¢ N,2 ¢ 20 and compare these results with the
oredictions of the shell-model wave functions (complete
A5,y = S1yp - 43y, basis space) of Chung and Wildenthall . our first
aim is to establish the extent to which the mo,:<m=...m°=mw shell-model
aooroximations can account for these data. The key approximations in
this context are the restriction to one-body operators (the "impulse
avoroximation") and the factorization of matrix elements into an
exolicitly state-dependent, ..»:m...mlgmm.wamvmom.. term (the shell-model
transition densities) and an approximately state-independent,

..mxn_..mv___omﬁ-momom:. term (the “effective charges” in the case of

elactric transitions). A subsidiary aspect of these approximations

which is critically examined in the present work is that of the . radial
devendence of the single-particle wavefunctions. Our second aim, which
can be oursued to the degree that there appears to be a meaningful
relationshio between theoretical and experimental matrix elements, is to

deduce the emnirically ootimum value of the m~n< effective charge.

The anoroximate charge-independence of the strong interaction leads
to the aporoximate conservation of isospin for nuclear states. In many
shell-model calculations, including those of Chung and Wildenthal, this
aooroximate ,no:monﬁ_nwo: of isospin is introduced ab initio into the
_Swﬁ via a precisely nzmnomcwamvm:mmwn Hamiltonian and the resulting

wavefunctions are labelled by the total isospin quantum number on a

eauivalent footing with the total angular momentum quantum number .

‘The consequence of this is that in terms of configuration mixing of
shell-model orbitals the same many-body wavefunction ._<L..?>v is
manifested in each of the (2r+l) members of an isobaric spin multiplst,
each member being ~ma.m:mm by .H_N = (2-N)/2. The only chamges in the
wavefunction as T, changes is the apportionmant between neutrons and
protons of the nucleons which constitute the A-particle wavefunction.
Since electric multipole transitions involve only the proton components
of the wavefunctions of the initial and final states, the B(E;) value
for a transition ly; J; T; A;> » lue Jg Tg Ag> will be different for
each nuclaus A, T, in the isobaric multiplet. Under the assumption of
gool isospin there are simple relationships between the isoscalar and
isovector, or equivalently, the proton and ncutron, components of a
transition in a _.u.manmn:w.mn. A, T, and the (different) proton and neutron
comonents of the analogous transition in another nucleus of that
isosoin a:;m.,&mn.u. In particular, for isospin doublets and triplots,
aN = +% and :1, the vno,uo.., component in the Ty = 4T nucleus is equal to

3
the neutron component in the Ty = =T nucleus.

We have exploited this symmetry in the present work by comparing

proton transition matrix elements zv from B(E2) values for pairs of transi-

nwc:m ch,uw.m.u..v.v _<mun..mv_.~.wu5, ..::.,mco_iﬁp.mmc:om Zv u.:n_E..zc..:.T

ferent nuclei yields the relative proton and neutron matrix clemmts Z_
. )

and M, in either of the two nuclei scparately. Fquivalently, the sum and

difference of these mitrix elemonts yields the isoscalar and isovecetor
strengths for the transition. We note that not all nuclear transitions

have both isovector and isoscalar components. Transitions of Ti=0+7.%0

r

are purcly isoscalar, i.e. the proton and neutron mtrix clemnts are

cqual, and transitions for which T .v.E.m =T+ 1) are purely isovector,

the neutron and proton matrix elements are eqml in maanitwde bat opge-

site in sign,
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the indices "," supply the adlitional labels needed to uniquely specify
the states. The reduced matrix elements are defined by

) 0
MY g = (-9 T%_ A n; i3> 4)
u

In this notation the electromagnetic transition. probability is given as

BEAA » £) = (23 + 7L 2 2 )

8. Isosoin dependence of the matrix elements
In terms of matrix elements reduced with respect to both J and T

("triple-barred" matrix elements)

u. ..n..
Mo/m () = CLEE [(FE 0 7) <opdgmel10b1 11 wyaymy>

l ..—.HA. »
+/ Fam oawu <opdeTeAl 10} 1) vy 3,785 (6)

It follows that for .—.muemna.

Mo/n(Tg) = (2r+1) % <vedgTeAl 11081 H vy dyTiA> -
+/= .—.N~ (2T+1) (T+1) (T) _l_m Acnhm.—‘ma | _Ow._ 1 vjd;iTiA>
2 Mg +/- Ty My, (7a)

and that for transitions characterized by _q._...em_ =1land for T;=T¢=0,

isoscalar terms of eq.(6) oosﬁwg..g‘

only the  isovector and
resoactively:
My = [(2T4) (TH) ()7 <ypdgTenl 110} 1) ;0,700 (7o)
M = (2r+1) 78 <vpdeTeAlHIOQ) 1 vy T;A>. (7c)

-8 -

The relationship of eq. (7) cstablishes the Ccyuality,
pointed out in ref. 3, which exists between the ncutron transi-
tion matrix element z:S.ﬂ = -=T) in the ncutron-rich nucleus and

the proton transition matrix element, M S.Nn+.:. for the same

P
pair of states in the isobaric analogue proton-rich nucleus:

M(Tg = 1) = M,(T; = +T) ‘ ®)

It is this equality which provides a connection . between the
mﬁmmnno.._mc:mﬁn decay probabilities to the ground states of nuclear
isoharic multiplets and the reduced strengths for .mam,wmmnmo mx.o:mﬂo:
of the (stable) neutron-rich members of these multiplets by hadrons

which interact with both protons and neutrons.

Our present interest is focussed on isovector matrix elements zH
which can be extracted from E2 electromagnetic decay data. These matrix
elements can be obtained experimentally either directly from the
mnmnn,no_..ma:mwmn matrix elements M for isospin-changing transitions

|4

(aT=1) or from the differences betwcen the values of 3@ of a transition

1vi33T>+lved¢Te> as this transition is manifested in the various Ty

members on an isobaric nuclear multiplet. For T:0, we can rewrite

eq.(7) as

M1 = My(T) - My (Ty - aTy) ) /ATy 9)

Since only zw is extracted from experimental decay data the phase

relation is not known and we will define a quantity aM o as

Mo = (M) | = M ery - a1y) 1)/, (10)
where the sign is to be determined theoretically so that Mp= -
usually 1M1 > ITyMy | and hence M; is obtained by taking the difference

rather than sum in ‘eq.(10). ‘The sign can also be determined
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arnurd state. The details of the calculations of the length parameter
an1 the consequent "b* values are @.?m: in Ref.4. The conseguences of
choosing other forms for the single-nucleon radial dependence are

discussed in Section V.

In terms of these model-space matrix elements >_.u\:~ the total
matrix elemants zn\z are assumad to be given by
Mo = Ro(l + tpod *+ Ay pn

M= AL+ 5,0 + >c Snp . (16)

Thus, it is assumed that the total matrix elements =v\=. which in

orinciole incorporate excitation of all Z/N protons/neutrons in the
nucleus over indefinitely many shell-model orbits can be expressed as
the model-space matrix elements >v /n
other terms, themselves simply proportional to the same model-space

modified by the addition of two

elements A, and A, .

This can be termed the "effective charge" aonmuvowmnwnmnmo:4 model .

The quantity g oy denotes the renormalization due no. the polarization of
the core nucleons (c¢) by the valence model-space nucleons (v). - mw:on
the core in the present shell-model has equal :,,E__umnm of neutrons and
orotons it is a good approximation to equate 8pp = 6nn and opn = asc..
The “effective charges" for the E) electromagnetic transitions are then
mo = :Iﬁuvm and e = pn® and in units of e,

3«. = _>bmn + A )

:: = —P_ammv + .#mvm:_ (17
or

"y = Ayle, - e : (18)

where the isovector model-space matrix element >H w.wm the same

-12 -

relationshio to A, and A as M, does to M, oand M. Thus, our-

n n

theoretical renresentation of the total transition matrix elemant for an
isovector electric—quadrucole transition is the oroduct of a term which
comes from the model-soace (sA)® wavefunctions and a tecm, . (e -a:?
which denends unon the 2ffective isovector polarization for wzm.a.:;o—
soace. An y-x ©Dlot of experimental values of M, <omm=m " their
theoretical model-soace analogues A, should, under these assumptions,

thus yield a straight line through the origin which has a slop: given by

.mﬁum:. .

ITI. Experimental data and_comoarison with theory

A. Comoiled da

The orimary source of our experimental information is the most
recent comoilation U<.m-5nm of the electromagnetic strengths in nuclei
with A=6-44. For data on some transitions which are not included by
it we use the adooted average values in the A=21-44 compilation of
Endt and van der Leun®. In either case we start from the adopted
averaade values for the initial state mean :nenma.w T, the initial and
final state energies m» and E¢, and the branching ratio BR and mixing
ratio 8(E2/M1) for the transition to the final state and calculate the

B(E2) value,

B(E2) = 8l5e%tn’ BR (62 (19)

AL Toe82

where E is in units of MeV and 7 is in units of psec. The B(E2) in
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30

10)  The lifetime and branching ratio data for the 2* 1evels in 3% from

17

the recent exveriment by Antilla and Keinonen™' were folded in

auadrature with the compilation values.

11) The lifetimes of the 2* levels in 305 from the HI DSAM measurement
of Alexanler et al, Ref.18, were folded in quadrature with the

comnilation values.

12) The adooted values given in Pef.19 for the lifetimes of the 1.27
and 3.34 MeV levels in 3lp are used.

C. Seneral .comments

In the oresant data set many of the B(E2) values, especially those
of the ,Q..ono:..n ich nuclei deoend on accurate measurements of lifetimes
in the range of a few hundred femto seconds (fs). At present most of
the lifetimes in this range can only be measured by the Doppler-shift
attentuation mathod (DsA), A large fraction of the error on the

lifetimes in this methol comss from the uncertainty in the stopping
(£2% <\nv

nower of ~os&..m~on:<>mo=m in solid and gases. This systematic error is ,

usuallv  combined in ouadrature with the statistical errors. In fact,
Padt and Van der Leun® assume a minimum of- 15% uncertainty in the
lifetimes dua to stopning power uncertainties and sometimes the error
auoted in the compilation is larger than in the original experimental
.c...nmn for this reason. .

Sonetimes the actual error made in the stopping power is . larger
than the canonical value of 158. This is illustrated in ..EZ.m II for
the 9/2% level in 23Ma. 1The small value of T = 65:15 fs obtained by

Meyer et .i.wa lies outside the average given by Endt and Van der Leun

- 16 -

by more than 15%. However, Anttila et al.2l

have reanalyzed the Dohooler
shift data of Meyer et al. using a better calibration of the stopping
vower ovarameters and obtain a lifetime of 102:25 fs in ajrecment with
the average. This case may represent an extreme example of the
systematic errors vhich arise in the analysis of DSAM experiments, but
it illustrates the basic problem that in some cases the assumption of
15% uncertainty is an underestimate. In contrast to neutron-rich nuclei
such as wuzm. the oroton-rich .nuclei can be reached by only a few
reactions and the possibilities m.o.. cross checks are reduced. Thus we
feel that the exverimental errors on some DSAM lifetimes, espscially
those for light-ion induced oroton-rich transitions, have been
unierestimated. This may b2 the reason for some of the disagreements
hetween theory and experiment in Table 1, in particular for those
involving the 2a1(5/2,, Pe(s/2%)), F1(7/2" |, ana the Mar 2,

states.

It would be :mr:: desirable to imorove the reliability of the
lifetimes in oroton-rich nuclei. This might be accomolished by a
systematic reanalysis of the DSW Dopoler shift data makim use of the
best available stooping power theories and experimental stopping power
varameters. New experiments could also be vmnmop.amm.am::m use of the

~ K% Ve
hiagher recoil veloci _om ?oanmm:mgm with light target - heavy boam
combinations. At higher recoil velocities the stopping power theory is
more reliable. wm,.m.nmu such oxv...a.:._.u:nm have recently been carricd

ocnw.m..uu.:.;.w?wo.

Also, more experiments are recommenied where the
lifetimes are measured in both members of the mirror pairs in the saws

exveriment such as in Ref.12.
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B. _Intruder

t2_contanination

From the theoretical standpoint, the entries in Figure 1 may be
classified according to whether the actual nuclear state(s) involved in
the nnm:m.mnmo: have the prevailing mapping onto the model wavefunctions
or, rather, appear to contain anomalously large extra-model-space
("intruder state") components. If a transition is significantly
contaminated with intruder-state components, its analysis with the
oresent mordel wavefunctions will yield results which are incommensurate
with the dominant portion of the data. The only state represented in
Figure 1 which aposars to have non-(sd)? components vmpaawmmnmsn;
graater than the average run of states considered is the a=18, Nw.enh
state. Part of the evidence for its anomalous character is the factor
of two enhancement of the measured ~+.‘—.u..— hd c+.€uu :v value over the
calculated value. The character of the ~+~.H.nu state presumably affects
both the 2%+0% ana 4*s2* data. Nonetheless, the agreement of the
theoretical My values of these transitions with experiment is no:mwmnm:..n
with the general trends of the rest of the data, which may be either
accidental or indicative that the isovector nnm:meo: component is less
sensitive to configuration admixtures typical of the shell-crossing

excitations than is the isoscalar.

C. _. Proton binding energy effects

Pty PR A b dp R AL - R AL

.

Another criterion by which the entries of Figure 1 (and ‘fable I)
can b2 classified is the extent to which the experimental state is bound
to oroton emission. For well bound states, the harmonic-oscillator
prescrintion for single-particle wavefunctions is not significantly

different from, and is stably related to, altermate’ Einite-well

- 20 -

prescrintions. As the binding energies becom: small, howaver, these

d

prescriptions diverge and the relevance of theoretical estimates b
on the 7u§3:~n..0m05,_~_3n prescription  becomes  guestionable.  The
quantitative sovecification, let alone the solution, of the problem just
aualitatively described is not straightforward. We will discuss the
issue in Sec.V. Here we note the general classes of transitions,
together with som2 specific examples, for which these problems should be

st acute. The nuclei which consist of an  integral number of alpha
varticles plus a proton have the smallest proton binling energies,
ranging from 0.1 to 2.5 MeV. The double-even nuclei Ew:. two  excess
orotons are better bound but some states of interest come close in
energy to the.oroton thresholds in these nuclei, which range from 1 to 6
MeV. Soecific cases in I.ocno 1 which are suspect because of small
proton binding energies are the A=17(1/2% » 5/2%), A=18(4* » 2%  and
a=25(1/2% + 572Y).  (The 1sy,, proton state is more susceptible to
binding energy effects than are the mm /2 and au /2 states because of the

2(2+41) devendence in the centrifugal barrier).

D. _ Aomarent discrevancies

The two largest relative discrepancies between theory and
exneriment m<»wm=n in Figure 1 are for the transitions >u~w.w\~+ + 1/2%)
and A=34(2" » 0%). The A=29 case involves a theoretically negative
value of >30 (the 29p B(#2) is calculated to be smaller than that of
Noms vhile the experimental magnitudes are reversed. The calculated
and measured values of :n. for g4 agree to within 5% and from this and
other evidence there .is no obvious rvteason to question the general

features of the wavefunctions. Confirmation of the 2P lifetime and/or
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the wavefunctions have qood isospin are not valid; rather Eq.(20) must

be evaluated seoarately for each T, value.

For a single-marticle (or hole) transition in the model-space

(Dy = *1) the first-order corrections to Ap can be expressed as a sum

over the product of two-body matrix elements and E2 matrix elements
between vproton particle-hole excitations as given for example by
£3.16.72 in Ref.27. Pecause of the selection rules for the E2 operator
(exact in an oscillator model and approximate otherwise) the
omnnw.oumnron state can only have the AN = 2 components Amv..:m&?ef
Acvu:mmv:?cvw or Am&:n:mﬁf The total matrix element will be a sum
over j and j' in the model m_omow of the unrenormalized bare amplitude
ovlus first-order corrections awn. o due to excitations of particle-hole

nucleons «' via the valence nucleon a; e.g. for the proton matrix

elemant

zun Gu..v
|4 33! Zmu .
where

Mo(33') = AL(33') + AL (53" + SA (33"

H:n:w mo:osma formulae for 3@ the subscript ©' on m>p.a will be

sunoressed.

In the many-body valence system 8A,(jj') is exactly proportional to
D;(ji') and hence to Aq(jj') as uo.d as the core excitation connects
only to one of the valence ._unn_..monm. The first-order ncnnmo...»o_..m.
connacting two valence particles (the two-body effective n:mnooumv. is
relatively small and will be ignored. The remaining orbit and mass

devendence in the ratio 8A (') /A, (33*) is related to the nature of the

effective residual interaction connecting the valence particle to the

- 24 -

varticle-hole state of the core. Our aim here is to make as explicit as
mssible how this state and mass dependence is related to the proparties
of the wvalence wavefunction, in particular to its rms radius. .e:m
analytic results which can be obtained with é-function and . 0.9Q

interactions are useful.

For a §-function residual m:nmnwoﬂosww.uo\

ad"Gin Gty

T ..nl m.Q
A (33" Au_nu_u.va
Gy lk(r),33" 8y .s :
= Calk(0) 331 ¢ (9) (550) (23)
Gy (233"
where
B Glknlye
el (351 = 3K 73 Mo Fo (24)
. Gle?liny,
and

k(r) = nab@:v\an.

The constant F_ only deoends on ® and ...a?. is the gromd state mmonos
density. From numarical calculations of the k(r) am 2 radial
integrals with Woods-Saxon wavefunctions (see Tables 4, 5 and 7 of
Ref.30), we find empirically

Golk(D),33') = (Gair%, 337} (25)

and hence

8y, . 8y .. . -
Al 30 = ag339 %l (316, (e2,53)72
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2 32 2
-h2 a2 L) +¢.1 L(e41) Lo vt Y =€ Y (31

m g2 Coo2m 2

vhere |
Vile,Eg) = [1-m* () /ml€g + Vg(r) * GWM?H.S
+ Vo tr) Am.mv.,, Veoulomb () (32)
") ) tc (e o }-1 (33)
R0 - 1=ClPp(r) + Pu(r)] = CylP(x) = Pp(r)] :
and
Yo = 't /mt Y (). (34)

In these equations the * refers to the potential for protons/neutrons.
In terms of the Skyrme parameters nw and nN the coefficients ,g
Fi3.(33) ace given by

-2 (32t 34

42 16

%o

- (274 (35)
42 16
The ootentials Vor vy and Vs Can also be expressed in terms of the
densities aml the Skyrme paramszters. However, here we will assumes a
Woods~-Saxon form for these (for the present results <w does not enter
since N=Z), so that

Volr) = Uy {1+ ox@?nno>~\uv\wc_|~ (36a)
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and

Veol®) = Ugy LA {1 4+ exp(e-r p13y/a |7 (36b)

50
r dr ?

The soin-orbit parameters were fixed at <mo =12 MoV, gy =g and

wmo = ag. The Coulomb potential was %nwco.m from the standard uniform

density aporoximation (Eg.(25) in Ref.30).

The form of E3.(32) implies a self-consistent iteration since m”(r)
denends on P(r) which itself depends on the potential, However, it is
sufficiently accurate to replace the p(r) needed for B»AS by Fermi
distributions which are constrained to give the experimental rms radii

and to have a diffuseness of 0.5 fm.

In the limit when a‘_:\a =1 Eq.(32) goes into the local
Woods-Saxon potential. In nuclear matter m" (r)/m is less than unity due
to the non-locality of the two-body interaction and realistic two-body

msnmnmanmoau»

give a nuclear matter value of 5»\5 = 0.6-0.7. How>ver
in finite nuclei there m.nm additional corrections due to coupling with
core-vibrations which tend to increase 5'\53. [t is theoretically
exnected that a»\s increases to nzar unity for single-particle states
near the Fermi surface and smoothly goes to the nuclear matter value for
deeo hole states. Pmpirically this has not been confirmed for a given
nucleus. The most that is known is that m /m = 0.6 is required for deep

holes states in light ::mrw» (see below and Table 11I) and that

m'/m =~ 1,0 is required for states near the Fermi surface in heavy nuclei
(such as Nng. Since we do not know how to solve the Schrodinger
equation when a.».l\a itself depends on energy, .results for two

different tyoes of potentials will be presented: for a "local
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orobahility distribution of each orbit by the ground state :Em\w_
~m~ /20 0d3,9) occupation numbers calculated with the Chung-Wildenthal
wasefunctions (the occumations in the lower and higher major shells were
assumd to b2 2941 ani 0, respectively). The calculated rms radii are
svstematically larger than experiment for both WSL and WSE potentials.
The main reason for this is that the eigen-energies of the spherical

ootential reoresent the Hartree-Fock centroid energy of all (sd)M

confiqurations which are tyoically spread over several hundred MeV,
Because of correlations the ground states in the N=Z open shell nuclei
are more tightly bound and hence the rms radius is smaller. The effect
of this can be estimated by adjusting the m?mio& potential depths to
reoroduce the binding energy difference between ground state of the
nucleus with mass A amd the centroid of levels in the A-1 nuclei whose
summad spectrosconic factors for a given nlj value is the occupation

40

numbar.  The results of such calculations™  are shown in the last two

columns of Table 1V, For both WSL and WSE potentials the rms radii are

significantly reduced and brought into fairly good agreement with

exveriment.

Similarly, for the E2 transitions each ~m+u x mu.L in Eq.13 can be
factored into A * A-1 fractional parentage coefficients (e.qg. Eq.14.22

in P2f.27) to determine the appropriate separation energies Ffor j and
i'.  Howaver, to actually carry this out for all of the transitions we
consider at oresent is much too laborious. Rather in most cases the
transitions in the nuclei A-1, A+l and A+2 are calculated with the
ralial wavefunctions ocnwmzm.a with the spherical potential for the

even-oven nucleus A, Two exceptions are made in cases where the

transitions are particularly sensitive to separation energy and have

- 32 -

relatively very small exporimental errors:

1)  The A=17 1/2% + 5,2t transitions were calculated with proton  and

neutron  separation energies based on  the experimental binling

energy difference batween the A=17 states and the 260 ground state.

2) The A=25 p\m+ + w\~+ transitions were calculated with proton and
neutron separation energies based on the experimental binding
energy difference between the A=25 states and the ﬁ:u ground

24

state, since the “"Mg ground state accounts for most of the A * A-1

fractional parentage of these states.

D. Comoarison of experiment and theory

The radial wavefunctions obtained as described in Sec.C are
combined with the coefficients Dy (33') as in E7.20 to obtain the
amol itudes AL (T;) given in Table V. 1In order to obtain an x-y plot that
is linear in (e,-e,), these amplitudes are combined acoording to E.a.ww
and 30 and then plotted (in Fig.2) in the form 1, vs énaxE - g for

the "Q.Q" model, and Em..:o, vs %_vsxs = Y, for the "Q.0+$" modol.

Given the large weight of the A=17 and 18 transitions in
determining the isovector effective charge, effects due to admixtures of
non-closed shell oosvosmmnm of the Hmn. core, (beyond  the  6N=2
excitations taken into account by the effective charge) have boon
estimated. The coefficients D) were calculated in a complete  basis  of
Bs—\Y oaw\Y ~m~\-m using the Reehal-Wildenthal interaction®®. ‘is
basis will be referred to as the "zBM" (Zucker, Buck and zoj.nc_.wk,:
basis. ‘the ZBM basis provides a good description of the low lyiwg

states in pmo with configurations up to 4p-4h removed from the closed
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comoarisons on two levels. First, all matr ix elements were calculated
with :wnsoincomo:,;noﬁ wavefunctions with a radius parameter which is
the same for all neutrons and protons within an isobaric multiplet but
which is determined independently for each mass value by fitting to the
measured rms charge radius of the most stable nucleus in each mass
chain?. Seconily, a selected number of matrix elements were calculated
with two types of finite-well potentials; an energy dependent potential
vhich has a realistic (conventional) effective mass and a local
ootential which does not have a realistic effective mass but does

renroduce the valence neutron rms radii.

The analysis we have presented divides into two levels, On the
first the configuration mixed shell-model predictions can be tested by
the harmonic oscillator calculations with an empirical isovector
effective charge that turns out to be mmlm: = 1.0. These results are
given in Table I, olotted in Fig.l and discussed in Sec.IV. On this
level the exoerimental E2., matrix elements are reproduced remarkably

well, with som2 exceptional cases which may be due to the experimental

uncertainties discussed in detail in Secs.III and IV.

On the second level we have focussed on the "best” value for the
isovector effective charge. We note that the theoretical isovector

¢ hawe ye
effective is deovendent on the radial wavefunctions as well as what is

A
assumed about the "radial dependence” of the effective E2 operator. Due
to the radial denznience ‘in the effective operator variations of as much
as a factor of two between different orbits and different masses in the
1 shell are found with calculations based on realistic two-body

intecactions. (See, for example, Tables 10 and 11 in Ref.30). However,

the emoirical cffective charge, as deduced from the strong transitions

- 36 -

in nuclei with A ? 19, varies from a constant by less than about 10%.

This can be seen by comparing the theoretical ,.._mV

constant values for & and e, with the experimental values in Tables I

values baced on

and V. This implies that the radial dependence of the effective E2
ooerator is the ;mmsm as that of the bare oparator, namzly 2. This
nmmcun would naturally arise if the effective interaction has the Fform
0.0. We will base our main conclusions on this "Q.Q" moadel. For
commarison, in Sec.V.A and Fig.2 a formulation and results based on a
model . which is itermediate between a short range and Q.Q interaction,
the "Q.Q+6" model m,nm also given.

From Figs.2d and 2f it can bz seen that most experimental data are,
within experimental error, consistent with a constant isovector
effective’ charge of 0.68(0.58) with the local (energy~dependent)
potential. = We suggest that the deviation for A=29 may be due to the
experimental lifetimes of the lowest 5/2% states (in fact, on2 of the
most recent wamwﬁacmﬂ lifetime measurements of iucr 5/2%) = 46560
[Ref.48] qives M, = 18.5%*1.2 compared to M, = 21.0%1.2 derived from the
omnibus average lifetime from Table I and the theoretical values of 13.0
fron Table V). The systematic deviation of the 2 * 0 ani 2' + 0
isovector transitions in ,>uwm. 30 and 34 is more indicative of a failure
in the Chung-Wildenthal wavefunctions, since several of the lifetimes
and branching ratios involved have been remeasured  very

:L?:L.m. However, experimentally there is  still  the

recently
ambiguity in the relative signs of the A=34 2' * 0 nnm:mpﬁo:m.‘ as
Aiscussed in Sec.IIL.D, and it is hoped that this can be resolved by

hadron inelastic scattering experiments on g which are sensitive to

both neutron and proton components of the transition.
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auadrunole resonance is fairly well established in heavy nuclei’® ar

,le\w MeV = (0.79) &.Sv- (using .w-i = Au>lw\u established from the

By = 85
oroton rms radii of :mw<<. nuclei) which gives Xg = 0.59. This is the
sam2 as the isoscalar E2 polarization charge we required in the sd
shall, Below mass 40 the isoscalar giant resonance is not
exotrimentally so wall mmnmc:m:mmwm.mq. The above comparison implies
that Ey = (0.79) ..ri is also applicable to sd shell nuclei. As an
examola, for mmm? using .rs = 12.42 MeV deduced from the 285i rms radius
in the omuw:mno—‘, mode1?, no = 19.6 MeV. The centroid of the observed
strength in alpha scattering on 28si is about 18.3 3m<m.~. which is in
reasonable  agreemant given the problems inherent ,m: separating
background and multipolarity in these alpha w:memnno scattering

exoariments.

The energy of the isovector Amu giant nmmoamzmm has been more
difficult to exoerimentally establish even in heavy nuclei. In some
heavy :cu..mﬁ&mna.d: inelastic scattering mnngon: in the region of
£ = 1308713 pey ~ H.mm.ﬁrsv has been attributed to the isovector giant
uadrumled®, s gives x; = -0.60, ::pn:,.mm larger than the value we
have found in the sd shell X)(sd) = -0.3 to -0.4. The implication is
that the isovector giant resonance is somewhat less collective in light
::Z.o»\ but there is no experimental information. Tt is interesting to
coToare this situation with that of the familiar isovector giant-dipole
resonance. In heavy nuclei2® mw (dinole) * .B>|u\u MeV = 1.90 A.rtv and
hence “(dimle) = -0.72 (using € u.ri. The resulting hindrance in the
low -1ving isovector El transitions is well mmnwgwm:mmmw. Based on the

exorrimental ratio m~\m the isovector resonance becomes less collective

in liaht nuclei®® and hence follows the same pattern suggested above

- 40 -

from the isovector E2 effective charge in the sd shell.

The above comparisons are made transparent by .n.:m schematic 0Q.Q
interaction assumption. Calculations based on more realistic
interactions may give quantitatively different results (analogues to the
differences between the "&", "0.0+8" and "Q.Q" models of Sec.VI.A). It
is beyond the scove of this paper to discuss all of the these
differences and we refer the reader to the literature (for example
Refs.51 and 58). A general comment which can be made is n:m.un most
“realistic® interactions have a short range and as discussed in Sec.IV.A
result in effective charges (polarizabilities) which are more state and
mass  dependent than required empirically. This problem may be
associated with the difficulty in incorporating higher order corrections
into the effective interactions which is also manifest in the

effective-mass problem discussed in Sec.VI.C.
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Table 1.

A

17

18

18

19

19

19

20

21

21

22

22

23

23

23

23

23

Experimental
i I
1/2 5/2

2 0

4 2
5/2 1/2
9/2 5/2
5/2 5/2
(T=3/2)

2 0
(T=1)

5/2 3/2
1/2 3/2
/2 5/2

2 0

4 2
5/2 3/2
/2 3/2
1/2 5/2
1/2 5/2
9/2 5/2

data leading to

th

i

(keV)

870
2000
3519

12
2557
7561

10132

251
1M
177
1393
3424

387
2154
2154
2144

2765

th
[

(keV)

E

0

2000

12

12

251

1393

387

387

387
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the B(E2) values as given by Eq.(19) and the theoretical E2 matrix elements.

2

Ne
Na
Na

Ne
Na

Ne
Mg

Ne
Mg

Ma
Na
Mg

Na
Mg

EF

Na
Mg

T

4

-y
+

-1
+1

-1
+1

~%
+y

+

-5
+s

%
%
+5

-1
+1

-1
+1
+
-4
-4
+4

~%
+s

-
+

XD
i
(kev)

871
500

1982
1887

3555
3376

197
238

2780
2795

7538
10272
351

332

1746
1716

1746
1716

1275
1246

3357
3308

440
as1

2076
2051

2076
2051

2391
2359

2704
2715

exp
f

(keV)

0
0
0
0

1982
1887

197
238

197

oo (=]

351
332

1275
1246

oo

440
451

440
451

440
451

n-
AHchoov
258.6 2.6
412 . . 19
2920 *130
670 +60
24.8 1.2
4.4 0.6
128.8 *1.5
26.0" 0.8
370 - 125
140 135
113 . %14
137 19
10.23 - 20.2
10.22 0.1
74 16
40 *15
74 16
40 %15
5.3 0.2
3.0 1.2
324 16
290 165
1600 90
1800 +200
37 13
80 +20
37 13
80 $20
800 1150
830 +170
110 t]5
80 +20

N

-12
-12
-15
-12
-12
-9

-15
-15

-18
-18
-12

-12

-15
-15

-15
-15

-12
-12

-15
-15

-15

-15

-15
-15

-15
-15

-15
-15

-15
-15

(%)

100
100

160
100

100
100

100
100

100
100

29

0.65

100
100

95
93

100
100

100
100"

100
100
16

91
‘84

35
69

64
68

BR

+3

$0.14

*]
+2

§

0.09

0.074
-0.080

0.14
-0.14

-0.058
0.060

-0.19
0.19

*0.04

+.004
*.030

M=l (23;+1)B(E2) ) ¥/c fn?

= erime ni

3.55 20,02
11.26 10.12
6.76 $0.15
15.9 20.70°
5.54 $0.14
15.1 *1.0
11.3 +0.07
15.6 *0.24
13.8 0.5
23.1 2.9
2.2 1.0
1.30 £0.15
22.2 1.2
28 +10
16.5 *1.8
27.7 *6.5
17.5 2.6
24.0 6.8
15.1 0.3
21.3 4.2
24.1 0.2
26.1 +2.9
25.0 *1.5
22.9 7.7
20.3 *1.4
19.0 2.6
21.8 2.4
15.1 2.4
5.0 *0.5
7.3 +0.3
28.3 £1.9

34 +4

Ex¢
AN
telds
Tdusx
2.34
9.17
3.34
12.9
4.05
15.6
10.5
15.3
13.3  Ref.7
21.5
2.47
1.63
21.2
23.6
15.9  Ref.d
17.5
21.4 Ref.d
21.8
14.9  Ref.9
17.7
23.6
26.0
23.9
25.0
16.4  et.lv
18.1
20.2  ket.lu
21.3
4.87
7.44
22.2
25.4
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Si o+ 957 780 1.8 + 0.2 =12

6 $2 ? < 840 5.73
5/2°  5/2 3129 0 AL -y 2735 0 13 a4 -15 22.141.0  -0.18 20.06 4.1 i1.9 9.65
Si 44 2648 0 25 + 10 -15 20 %3 0.40 20.06 6.4 C1.6 1u.4
5/2'  1/2 3129 1413 AL <Y 2735 844 13 +4 -15 1.8 0.14 16.7 27 17.1
Si 4% 2647 760 25 410 -15 3 41 16.1 Y a.2 14.8
5/2'  3/2 3129 1097 Al -% 2735 1014 13 14 =15 75.7¢£ 1.1 -0.115 1.008 15.7 12,7 14.9
Si 4% 2648 957 25 110 -15 77 %3 0.083 4.014 8.6 2.3 13.4
4 0 si -y 1273 412 + 15 -15 100 =0.197 4 .009 9.4 2 0.5 12,2 wet.1
vaoolz e BN 1N § 200 a3 C13 18 0.i77" 102" 95 P13 1y erte
5/2 1/2 1917 0 si =% 2028 0 435 115 -15 94 +0.5 17.6 10,3 18.8  wef.l16
P 4% 1954 0 ‘360 4 40 15 92 %] 21.0 4.1.2 17.5
5/2  3/2 1917 1442  si % 2028 1273 . 435 115 -15 6 10.5 0.03 %0.03 1.6 4 1.6 4.67 Ref.lo
P+ 1954 1384 360 1 40 -15 8 11 -0.04 1 0.06 5.4 8.0 3.75
/2 172 2411 0 si -4 242 0 25 +2 -15 87 41 0.32 4.0.07 11.2 ¢ 2.3 8.95 Ket.lb
TPy 2423 0 30 48 -15 84 :*3 -0.22 0.02 7.1 31,1 5.95
3/2° . 5/2 - 2411 1917 si % 2426 = 2028 25 12 -15 0.4 30.1 2 { 460 9.72 Ref.16
P+ 2423 1953 30 18 <15 4 %2 ? { 260 11.6
5/2 172 3357 0 si -4 3067 0 37 411 -15 3 {4.5 1.17 Ret.lé
P+ 3106 0. 33 115 =15 3 4.5 0.39
5/2' 3/2 3357 1442 si % 3067 1273 37 +11 -15 . 80 44 -0.26 1+ 0.02 19.0 43.2 15.8° Ret.lo
P # 3106 1383 33 115 -15 7% 2 0.25 +0.2 21 15 13.4
2 0 2243 0  si -1 2235 0 360 420 -15 100 , 14.2 40.4 16.4 .
P 0 2938 677 95 110 -15° 33.2 41.0 15.5 40.9 16.7  Ref.l7
s 41 2211 0 233 419 -15 100 18.2 2 0.8 17.0  Ret.ls
!
2' 0 3797 0 si -1 3299 0 83 +7 -15  44.741.5 6.47 10.25 4.57
P 0 4183 677 3.1 30.9 15 p.uﬁe.u 5.7 1.1 1.76  Ref.17
S 41 340 0 158 %17 =15 20 43 3.37 10.32 ~1.04 Ref.ly
20 0 319 49 p 0 3834 677 55 +20 -15 18 16 6.5 11.6 0.64
(T=0) (T=1)
32 1/2 1226 0 P =% 1266 0 761 +47 . -15 100 0.30 % 0.01 10.4 10.5 12,1 Ref.1Y
S 4% 1249 0 720 +180 -15 100 -0.35 4 0.02 12.8 2 1.7 " 12.9
5/2  1/2 2300 0 P -5 2234 0 391 +25 -15 100 ‘ 15.0 1o.3 17.0  ret.1y
S #2236 0 320 1. 80 -15 100 16.6 ' 2.1 16.7
172 3/2 722 0 S -4 841 0 1690 240 -15 100 .151 ) .004 7.15 4 0.2 5.33
Cl +% 810 0 1800 130 -15 100 ? 55 4,42
5/2 3/2 1729 0 s -% . 196 0 150 +20 -15 100 0.56 :1 0.03 16.3 11.3 19.1
Cl  +% 1990 0 80 %15 -15 100 -0.42 4 0.1 17.1 4 3.8 20.3
3/2' 32 2469 0 s -4 2313 0 155 125 =15 33 32 33 A2 -10.2 10.9 8.19
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Table I1. Lifetimes for the 2.704 MeV w\m+ state in uuzm

a)
b)
c)

1)

f)
a)
h)
i)

Averale from Ref.6.

Frror (fs) a»<m=,v<

1(fs) Endt and Van der Leun
200+110° 100
100*30¢ * 60
102253 + 30
65%15° t 15
125¢30f t 30
131109 t 30
110£200 t 20
105+201 20
1104157

Raf .6

Ref, 22

Ref.23

Paf.24

pef.20

Ref.25

Ref .21

Pef.12

Pof.26

Reanalyzedd)

t(£fs)

102+25

A)  Promerties of the Charge Distribution

<2172 (g
Anmvw\aamav

ple=n) (€m™3)

B)  Neutron single-particle rms radii Amiv

03/

003 5

cc~\~
095/

21,7

Harmonic
Oscillator

2.726
3.018
0.071

2.17
2.80
2.80
3.31
3.31

Table IITa

Simgle-particle proverties of 1 (o]

Potential

Incal
WS

2.716
3.038
0.067

2.08
2.69
2.68
3.49¢

4.179

6

Enerqy
dependent WS

2.716
3.038

0.080

1.94
2.71
2,71
3.69¢

4.569

C) Proton single-particle binding energies (MeV)

sy /2
M™3/5
00172

ozn\N

25y /9

27.9
14.9
11.6
1.9
0.1

42.1
18.1
13.4
0.6
0.1

2.720(4)2
3.0 ()
0.075(2)P

3.46012)°

4.20(15)°

a2q0)f
18.4 9
12.1 9
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Table 1V Table V. E2 Matrix elements with finite-woll potentials

Calculated and experimental rms charge radii (fm)

Potant ial kb Theory®
Exp Fixed A*A-l separation energy Harmonic Local Energy
b b Co Oscillator deperrient
wst? WSE wsi? . WSE
potential wvotential potential potential Ji~Je A% Ay A A A A A Mo
b (En2) (Fm2)  (Em2) (Em2)  (€R2) (fm2) (fin2) (th2)  (M2)
, ] 1/2+5/2a 1o 0.6 6.5 0.8 8.4 1.0 10.5 3.55(2) 1.7 10.0
2.720()¢  2.716 2.716 2.716 2.716 77 6.5 0.6 10.5 0.7 12.4 0.9 11.26(12)  12.4 5.5
3.02020%  3.00 3.035 2.871 2.875 2 »0a ¥o 2.6 10.4 3.3 11.4 3.7 13.5 6.8(2) 8.9 14.6
; 1¥ne  19.4 2.6 13.2 2.8 15.1 3.3 15.9(7) 16.4 9.2
3.035087  3.130 3.169 3.009 3.018 )
: 4+ 2a 1 0.4 9.8 0.5 10.7 0.6 12.7 5.5(2) 5.4  12.5
1253 30238 3,258 3.147 3.168 e 9.8 0.4 124 - 0.4 14.2 0.5 15.1(10) 14.4 6.0
3.2632%  3.336 3.354 3.266 3.304 s/2+172 1% 5.2 10.0 6.2 10.6 7.4 13.0 11.3(7) 11.9  15.0
a 1%e 10.0 5.2 1.8 5.5 14.2 6.8 15.6(2) 16.1 11.6
3.399(5) 3.411 3.421 3.365 3.411
9/2+5/2 1% 6.2 14.3 7.2 15.0 8.6 18.1 13.9(5) 15.0  20.5
3.483()% 34477 3.477 3.477 3.477 - : 1%  14.3 6.2 16.6 6.5 19.7 7.9 23(3) 22.1 14.9
2+0 e 1.6 -1.6 1.7 -1.5 1.8 -1.7 1.30(15) 1.3 -1.0
T = 140
Local Wonds-Saxon
1/2+5/2 2549 0.54 3.40 0.61 4.06 0.65 4.67 2.21(2) 2.5 1.9
Eneray depepient Wonds-Saxon 25A1  3.40 0.54 4.63 0.58 5.33 0.62 5.13(4) 5.6 2.8
Ref.36 2+0 %My 10.7 7.3 11.9 7.7 13.1 8.8 17.6(3) 17.1 14.2
2%6si 7.3 10.7 8.2 11.2 9.3  12.4 18.8(9) 4.5 15.6
See Table IIT in Ref.4 ,
) : 27+0 26 1.2 7.0 1.3 7.4 1.5 8.3 3.0(2) 4.9 9.1
Pef.42 ) %3i 7.0 1.2 7.9 1.2 8.8 1.4 6.0(7) 9.6 ‘4,9
1/2*5/2 27a1 4.1 6.7 4.6 1.0 4.9 1.8 8.7(2) 8.4 10.1
213i 6.7 4.1 7.4 4.3 8.2 4.7 10.6(6) 10.5 8.3
5/2+1/2 29%5i 11.4 10.0 12.4  10.4 13.9 11.8 17.6(3) 19.0 17.5
290 10,0 11.4 1.1 11.7 12.5  13.2 21.0(12) 18.0 18.5
2+ si a6 10.2 10.3 10.4 11.5  12.0 14.2(4) 16.6 16.6
305 10.2 9.6 1.2 9.8 12.8  10.9 18.2(8) 17.2 16.3
2' + 0 3055 -3.9 1.8 -4.2 1.9 -4.8 2.3 6.5(3) -1.0 0.3
35 1.8 3.9 2.0 -3.9 2.5 ~-4.5 3.4(3) 0.6 -3.6
3/2'+372 3 5.0 4,2 5.2 4.2 5.8 4.7 10.2(9) 7.8 7.4
It 4.2 5.0 4.4 4.9 5.0 5.5 8.6(17) 7.3 7.6
2+0 33 g2 8.5 8.6 8.4 2.6 9.3 14.0(3) 13.7 13.5
34zr 8.5 8.2 8.9 8.0 9.1 9.9 21(3) 13.8 13.2




p° 01 9°C 9°6 0 Ogt 0«
59 90 89 0 oL s~ wt
(u3) (ug) (zu3) (zu3)
‘UIII Ul passnosip A3Ine m< m< Uy m<
L SSNOS T mbrque ay3
Wiz ps

O3 ohp uotjrsueay  (04,Z2) FE=V 943 203 SOGLRA [EJUOWTIATUXD OM)

U3 JUL591dI1 $5SS01D OM3 BYL,  ‘UATDTS UT PSSSNISTP S15eq Wi

M43 U0 pestq ST AJoayy dsoum sILTod JUOSDIA31 SITOITO UDAO BY (suoT3oungaAEs TEIPel J0IBTL {DS0-YUmILy)

‘ulbrio 9yl pue jJuicd uoritsueiy (z/G+2/1) LI=V ay3y ybnoiyy ssed sepmyTdue soeds- WHBIZy BUE TISUS £S5 Uoomisq uesparesos

Jg-o7 sbrd ul souyl aul -Qf wuR gz-ska Aq uaaib aze &y pue [y n otGeL
0y D10UM A°DLS UL [OSSNISIP STOpOW pue  S1er3uslod 1Tom-231uUTy
MY uo  pistq dae yz-dztsbld *seanbyy  aayjo ay3  anddo T8

Loy ycruym suotitsod sjewixoldde YR U PIATOAUT SUOTIFSURIY 2y}

el Gz EBl4  °AL*Dig Ul pOssNOSIP ST YoTuym [°brd woly payosyes
aav ez brg ut sijutod ayy .:wnae st «dols asoyn pue uibrio ayy
4ENoIYY  SESSEd UYDIGM  SUTT B UO BT O} Pajdidixd ale sufca syl
SLSCD 1R Ul tobaeyd 9A[3D83)3J9 10IDIA0ST BYY  JO  UOTIBUTWIIIOP
O J0J SUCWOD XTajew g3 [ed[3I2I0syl pue 1ejuswilasdxs Jo S30ld g bld

GG G
v =y

“Oally 4 Uy -
“AIII° 095 Ul possnosip AjInbique [ejuswiicaxa 4
G 01 g oJe uoT3IsueI Sfﬁ, PE=y oya 103 "S865010 *Gy°0 = Ya pue ST°T = & y3mm [opodt 00, FUE TEILLIGL 1ED0] (3
omy ol 1Y% sdogs o a0y st wmesp surp ey +Ye-% saols 1AL Loda
e @i ulblio o) ylnoiyy sossed Yoty SUT[ € W10 03 EA3OUUXS *QA°D9G IX93 99S SISRY lwil, SYI YILM [BULTILG (B

sae ¢ Do AL LR TT°S004 LSS T Nt s 6°L 1€ 'L 0 6°9 0 €L 0 Ry
p1e SILTGA Y AL pUR TICSDO08 UL pOssnNLsTp Sy v JUOWI S €°c €°8 (e)e 1t 0 9°L 0 €L 0 [ I U<
Xta4en  [e01303005] Y3 A diiy  SIOUDIIYITE  [RIUSWTITAXS syl  C[°bLTg : ol =
’ €1 [ 28} vlo°1 0°¢- 1°¢C 6°1- 0°¢C 0°¢- VT Iy [
P 6°1 9°¢- (s)8°z 9°€ 6°¢t- 0°¢ STE- 't €7t Jdvpyg
suol jde) aanbtyg £z £z 2)6°% L=  6°¢ €€~ £°f €6~ 0°€ Spe 0~ .2

- 6G - - LS -



| 3¥n9td

AY03HL

z-

o]

EXPERIMENT

o » n ' n )} @ Ie)
T T 1 T T 1 | ¥ T T T 1 T 1 ) T 1
38(2--0)
i —— 34(2'—0)
30(2— 0)
—— 26 (2 —0)
—_— 29 (5/2 —1/2)
33(3/2°—=3/2)
/ —e—? 30(2--0) 34(2--0
d , 31(3/2—1/2)
B P d— a
o— 22(4—-2) 261072
20(2—-0) »>
= 29(3/2 —1/2) =e 36(2—=0) »5(3/0—s5/2)
27(1/2—=5/2) N 23(1/2—5/2) 25(5/2"—5/2)
- 26(2'—=-0) ° 25(1/2—~5/2)
A —— 18(4 —2)
| o 170172 — 5/2)
T 19(9/2 — 5/2)
1 | 1 1 1 1 1 1 1

9£0-28-XNSK



8 10 17

L 20 72 L%

8 10 12

L2 0 2 &L

SN IO—'I,ﬂ e R ..r.— vty [y oy B B o ...—.,{.ql!A Wy//lill_..r}. B B ] YT I S e | R S ﬁll.-;l:—i..-}.xl_. YO //4’«.'4"—1 l,ﬂ.ll,,a’,vml!l«li.d';l—r'l-.'l .Jl’.-!..—llit'
a QU 1 / W‘W/
0. ———e N O
o 1\Y
s 1 N\ i < )
< o
(21S==216 )61 o A % o N
I 2S~-211)11 o s .;m ) ]
a
(Zi1=-2/5)6} o 1 ES] AN .
i (= 8L o . a
0 (0~ it o T n x:/
c o4 <
- .9 (215 2115z (0+52)97 o — 7]
& C ST . © > rent . ay e
u (0-2)9€ o = : S < | \
c \ a
- O (0~-2)02 « @ a e as] a o
o 4 x - [y x
-~ 0=-2)0€ « Q Ya a La
) 0~-2)9€ « Q=3 —erey, a _ 3 -
—_— T - a U @ ———y ___\ —
- £ o (ZIE~E)EE s g < N T og 9 -
(2N~ 2/5)67 « i =9 " > 2 T
o e wn ———y on E 7, ———y
|+~ 0=219z]* 10-,2)0€ « T o > ——— S o > e .
N 0~~2)% x 85 e\ S5 =
| X< (0—2ges| — G ! N e
=) S | /
T ey 4t .IT,».TI..I:?I.T!.//.TJ.IL —4- IT.:T.&llfl.l...*:lT!-’&I.u..I#.! —t—— s//?lr.ilT:TlJ’I Tt
o,. 1
Za . )
o Q//«\ N
i S o
\ —
[S]
p—— v!"‘v"l’l’lo % .-mu -
- G / g
+= o
m o ) a B
- o o TV.L w .
a A W o
O — o o™ ~
‘— o e [] el cC ] g
.8 5 R $ a- o v oty
= % o o X b o . g el
[ A= 0 W Yg I Y da
4z . - AN 88 % -
o —- et ®dy N All‘l]nrlllr - n E ety N S An”-us = A i e R
[~ nﬁ;lM .V\.e e T ,/o.l.ll!. w .A.W “ ——— gy TN w w m b—— ey L
= ey . .IHM _ [ o + \7 ———
5 %.. / 89 - @33 _ R
T < LN Do N w o= U\ .
e / = T
R G S [PV R PR BRI IO s U NNy sl P SR TN BT I S .IL;‘._W//L L Y N WA T e u ST
S ©o v F NS N I_... Yo oo NS NI S © O ¥ O o
| |

FIGURE 2

6



N



