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SUM RULES AND TRANSITION DENSITIES

D. DRECHSEL
Institut filr Kerophysik, Universitét Mainz, Fed, Rep. Germany.

A survey of total and partial nuclear cross section sur rules for elec-
tron scattering is nresented. Partial sum rule relations are applied to
connect transition densities as well as static rultipole morents, “trans-
ition probabilities and radii of low-lying states of anharmonic vibrator
nuclei.

By summing the electroexcitation cross section 48” over all final states
it is possible to use closure to elininate the final states and-to rela-
te observable quantities to ground state expectation va]uesl’z). In nar-
t‘icu'lar

Jd dr‘(:,u,Q\ —_— A(q\ +:B(ﬂ-\ Hg ’

where

A(q,\-Z{J;—lQm(Q.\P' 3s lg..,(o,\l } ; B(g) zllmls,\l

The sum rule quantities A and B may be measured senarately as a func-
tion of rwrentun transfer g and are related to photonuclear sum rules
2t the photon point (q= w),

Yore general sum rules are ohtained by weighing the cross section with
additional nowers of the excitation eneray, U’k. For physical reasons it
is useful to obtain separate sum rules for Coulorb and transverse cur-
rent contributions.

There is some experimental infomationa) on the Xk = 0 sum rule, recent
theoretical estinates” find that statistical and dynamical correlations



(3)

(i

(5)

+

tend to cancel. The effects of exchance currents on sum rules have been
studied in a simple Fermi gas mode!s), finding madifications of the g-

denendence in addition to the standard emhancerent of the ohotonuclear
Thomas -Reiche-Kuhn sum rule.

More detailed information is obtained by a decomposition of the sum ru-
le relation into partial waves and iscscalar and isovector components.
Assuming that the isoscalar density, which is little affected by ex-
change currents,cormutes with the nucleon-nucleon potential, the follow-
ing relation may be deriveds) {note k = 0 in the following)
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Fror this “"proaenitor" sum rule one can obtain all orevious static mul~-
tinole sum rules as well as the more recent dynamical relations of
Falliaros et a1.7’8). while previcus sum rule relations connected ex-
perirental quantities to ground state expectation values, we have recent-
1y generatized the sum rule technique and annlied it to transition den-
sities of the low-Iying collective states of anharmonic vibrator nuc?eig).
‘Je obtain, between general states Ji and Jf, the following potential wave
decormpesition correspondinn to Eq.{3)
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whare :.:'“(q) are the form factore of multipolarity 1 for a transition
hetween states m and n (Hate: all onerators are counled to cood anoular
momentur), Specializing the relation to quadrunole transitions (1l = 12
=f - 2) and after a Fourier transformation,we derive a relation hetween
transition and static densities
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whare Mm‘ are the rultisole morments of order thetween states n and

m.

Annlying the exhaustion hynothesis of the sur rule within the cellective
sand, it is nossihle to solve a syster of ecuations hetwean those states
and to relate transition strencths, radii and dansitiaes te static velues.

-gla

\hile recent collective internretations of alectron scatterine on anhar-
monie vibrator nuclei have met with considerable successlo’llg this con-
tributien shows that such results doc not depend on the details of the
(collective) model, but follow from relatively general sum rule rela-
tions,

The predictions obtained have been corpered to the results of recent ex-

neriments of Heuhausenlz)

for various Zn isotooes. In view of the weakness
of the exnaustion hynothesis the overall acreerent is surnrisingly rood.
Fig.1. shows the static density Qee o5 well as the trensition demsi-
ties @y and Qg0 to the first ("one bason™) and second ("two bo-
son") quadrunole states, cornarad to the exnerirental data for °4Zn. The
additional fluctuations at small radii are of less practical immortance
than indicated in the ficure, because ~hysical guantities weizh the den-
sities with hicher powers of the radius, e.9., #t for transition proba-
bilities.

Trese deviations are, however, typicel of some reraining shell structure,
particularly in the intericr of the nucleus, as has been deronstrated in
APA ca1cu1atiunsl3). {ilote that the relatively good acreement hetween sun
rule prediction and transition density of the surface vibration mode in-
dicates that the transition density of the ciant quadrupole rode should
have a sirilar behaviour, because the sum of beth should fulfil the sur
rulel)

Fig.2. demonstrztes, that the present experirental data show a phase
transition in Zn isotopes, favouring clearly the nrolate shaoe in 64Zn
and an oblate shape in 5870, In particular, the ratic of transition radii
of two- to one-boson states, {qulﬂéo)z, increases from the sum rule ore-
diction 9.76 for 64Zn to 1.19 for 6 Zn, in precise agreerment with the da-
ta.

The results show that electroexcitation data in connection with sum ru-
le assurptions make it possible to get information on nuclear shanes and
sizes in excited states.in addition to ground state expectation and
transition quantities.
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