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Abstract

baric analog resonances has been used to study neutron particle-hole
excitations with large ground state gamma branches in these Pb isotopes.
Relative (p,p') cross sections at 90° are.extracted for structures
seleétively excited on the d5/2’ sl/z,.and d3/2—g7/2 resonances. Inter-
pretation of excitations in 405py aﬁd 207pp in terms of coupling to
states in 2°%Pb is discussed. Branching ratios for 1~ states in 2%®Pb
at 4.84, 5.29, 5.94 and 6.31 MeV and the 1/2% state in 207pp at

4.63 McV are deduced.

Nuclear Reactions: 206’2°7’2°an(p,p'Yo); Ep = 16.2 to 17.8 MeV measured
Ep, Ip, P-Y, coin at 90° (lab); deduced do/df (90°),

I' /T; enriched targets.
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in 2%8pp

1. Introduction and  Summary: of Previous Results

1)

Recent experiments / have revealed striking similarities in the
energy dependence of the photon elastic écattering cross section below
neutron threshold in 2°%Pb, 2°7Pb, 2°%°Bi, and doubly magic 2°®Pb (see
fig. 1). These similarities in dipole transition strength suggest a
relatively wéak coupling of valence partiéles'(Or holes) to " =17
excitations of the 2°8pp éore. The weak coupling modelz) has been highly
successful in describing the septuplet of levels near 2.6 MeV in 209p5
formed by coupling the valence proton to the 3T collective octupole state
3_5). The model has also.been proposed for a number of higher
lying levels in neighboring nuclei including some electric dipole states

8)

in 2°7pp up to 7 MeV in excitétioné—‘,. On the other hand, a detailed
study of low lying 2 particle-1 hole. levels in 2°°Bi has shown that the
coupling of the Valenée.proton‘to the non-collective 4 and 5 neutron
particle-hole .states df‘2°3Pb'is not strictly.weakg). It is important
to learn how high in excitation energy weak .coupling occurs and for what
types of core excitations it applies.

We have st¢aied the particle-hole structure of some dipole states
in 2%6pb, 2%7pb, and %°%Pb, excited through the (p,p'Yo) reaction on
isobaric analog resonances (IAR). In 206pp and 297pb weloSserve probable
examples of both the weak and the strong coupling of neutron holes to
208py, dipole core'sta;es up to about 6 MeV in excitation energy. Our
results are"consistent with what is already known ekperimentallylo-lz)
aﬁout the shell—modei structure of the 2°%®Pb core states. As a by=product’
of this experiment we have obtained: the ground state gamma-ray branching
ratios I /T of the 4.84, 5.29, 5.94 and 6.31 MeV, 3" = 17 states in

)
208ph and the 4.63 Mev, 1/2+ state in 2°7Pb. These branching ratios are
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needed in order to extract the gamma ray widths of the ievels from
resonance‘flﬁorescence measurements -of [P }Z/F. Thé deviations from
100% which we find for some of these brancging ratiOS'wiil not éigni—
ficantly affect the deduced dipele strength of the levels, but. they may
be clues to the microscopic structure of the levels.

The low lying discrete 1 stafeé in 2°8pp have been studied pri-

1,6-8,13) . .512) 10,11,14)
H ?

It is known from nuclear resonance fluorescence6) and elastic-photon

1)

marily with the (YY) and (d,p) reactions.

écattering that about 1.5% of fhe'total El strength in 208p}, is found -

in two so-called '"mini-resonances" centered at about 5.5 and 7.2 MeV

- 15,16) '

excitation. Shell model calculations predict that the 1 states

near 5.5 MeV includé mainly mixtures of'neuirOn.particie-hgie configura-
tions while those around 7.2 MeV are predominantly proton particle-hole
states. This partition ié‘?scribed to the difference in mean energies
of neutron p-h and proton p-h excitations in the unperturbea shell modeél.
‘ Héfvéy and KhannélB)”have noted further that the 5.5 and 7 MeV "mini-

resonances,"

which are generally reproduced in their calculation, are
truly "coilective" inlthe sense that no one particie-hole configurallou
appears with intensity greate£ than 15%. Conversely, eigenstates which
have large configuration intensities carry little dipole strength. They
also find.that the spreading in energy of a coﬁfiguration over the eigén—<
states increases with the sping of the pacticle and hole invalved; thus
~81/2p1}2 would‘be the most lacali;ed configuration. These general

features are confirmed by,spectrosCopié factors from 2°7Pb(d,p)lo’ll)

12,17)

and 2%%pb(p,p') experiments.



18)

In table I we have listed some properties of the known

6)

.spin 1

bound states in 2°®Pb: their radiative widths
10,11)

, (d,p) spectroscopic

17).

The re-~

sults of previous experiments have been summarized by Coope et al.6);

factors , and principal particle hole configurations

we reiterate them here with some additions:

1) Only two 1 states are strongly populated in 2°7Pb (d,p) and thus
have significant admixtures of pi}z'neutron configuratioﬁs. The
5.29 MeV state nearly exhausts the si/zpl}é configuration sfrength
not included in the giant dipole resonance.. The 5.94 MeV:state |

comprises most of the d3/2p1}2 configuration strength; it is not

strength is apparently

seen in (Y;Yaugxperiments. - The remaining d3/2
ﬁrggm?nped among many levels,

2)' The 6.31 MeV state exhausts a major fraction of the 81/2 p;}z
strengthlz).

3) The structure of the 4.84 MeV state has been described as 'collec-

17) 19)

tive"""7, i.e., having a mixed neutron p~h structure. Swann

reported an M1 excitation at this energy; a claim doubted by Del

20)

Vecchio et al.”"’/, who established.a 1 assignment for the level at

4.841 + 0.005 MeV. 1In light of this and a new measuremeul vl his
Ty

own, Swann has proposed a doﬁblet of l+ and 1 levels within
3 keV.

4) ' The 5.51 MeV state has a’mixed neutron. p~-h structure and is
étrqngly e#cited.in (Y,Y) reactions.

5) Tﬂe 7 MeV 1evel$ (7.06; 7.08, and 7.33 MeV) comprise over half of
the total radiatiQe width below threshold. The 7.06 McV level was

22) 23,24)

proposed as an Ml excitation =/, but more recent experiments

show that all three levels are 1 .

o
oo el



6) The states most strongly excited in photon .scattering appear to
. . . 6)
have mixed configurations ’.
In contrast to 2°®Pb almost nothing is known about the low lying
.dipole states of 206py, and 2%7pp because the level density in these
nuclei is much greater than it is .at the same excitation energy in

1

208py,  Photon scattering data show an‘indicatioq of weak coupling
states without resolving individual levels in 206py, and 207pp., " The
(p,p"Y) reaction through anaiog resonances tests the weak coupling model:
) by probing. the particle—hole,StfuCEﬁre df ﬁhe levels exelted i1n (Y,Y)

reactions, allowing one to trace their parentage to thevl— core. states

in 2%8pp,

2. Inelastic Proton Scattering Through IAR

Isobaric analog resonance inelastic proton .scattering selectively
populates neutron particle~hole states in closed shell hucleil/). The
process is illustrated in fig. 2 for the case of a 2°%Pb target. ‘rhe

wave function of the analog state Y, is obtained from that of its parent
A’ P

wPA by the application of the isospin lowering operator T :
. ) 1 - ) ’ 1 . s . C
AT (2T);/2 PA . (?T)l/Z i j'TPA

In this expression (J,T) represents the spin and z component of isospin
of the parent state, and t; is the isospin lowering operator which acts
on the particle j (j denotes the .spin of the particle). " If the single
neutron parent state in *%9pp is written as a product of a single neulrun

wave function ¢n(J) and ‘the 208ph ground state COfef¢c(0+),




Vp, (3, = 6_(Do_ (07 (2)

one finds that the analog state is a superposition of avsingle proton
state and. many two particle-one hole states:
¥, (3,1-1) = ?2?1—175 6,10, (07) + 0 § [¢pcj)¢;l<j>]0+¢c<o+> NE)
The analog resonance is excited through the first term in Eqn. 3 and
decays by emission of a proton ¢p(j) from one of the two particle-one
hole configurations indicated in the summation, leaving the_target in
the neutron partiéle—hole state‘¢n(J)¢;(j). The spin J of the‘néﬁtron
particle is the same as that of the -incident proton and of the IAR;
similarly the spin j of the hole and the outgoing protoﬁ afe identical,
Because the particle and hole are in diffefent oscillator shells, nega-
tive pafity states are usually formed. Fig. 3 shows the available neutron
orbitals for N=126.

The strong ground state y-ray decay of electric dipole, neutron

12)

particle-hole states in heavy nuclei identifies these states in the
(p,p'Yo) reaction even when the total level density is high. Although
Ml and E2 states also have large Yo branches, positive parity states

in 298P are not expected to show resonant behavior on the g9/2’ d5/2,
Sl/2’ d3/2, or g7/2 IAR.

Total resonance (p,p') cross sections are related to the parentage

ST
coefficients a

i for neutron particle~hole configurations by the equation

J, . J
2r°/T
I_zamH 1 —2

2 J

B
r

o} a (4)

I3
jl J
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in which

I is the spin of the state populated in (p,p'),

particle
hole

(j]"is the spin of‘the néutron [

Fg is the proton partial width of the single neutron IAR
FJ is the total width of the IAR '

and
F?P is the single particle width fur emission of a proton of spin j.

The sum over neutron holes implies that the resonance behavior of the

total (p,p') cross section can identify only the. particles in the

.particle~hole configurations. Fortunately the holes which can couple

with a given particle spin J to form I = 1 are limited to those with
j=J,3+1forJ>1/2and j=J, J+ 1 for J =1/2, and the factor

T is largest for holes Qi;h the lowest relative orbital momentum.

One or two terms dominate ‘the sum over j in most instances. Real selec~
tivity in populating particle~hole configurations is obtained with the
(d,p) reactioun, but only the hole states already in the target (p;}z for
2°7PB) can be reached. Together, (d,p) and (p,p') data provide reason-
ably quantitative intensities for the major neutron particle-hole con- ,
figurations in the 1 states of 2°%pp,

The foregoing discussion carries over to the case of 2%%Pb(p,p'y),
only hgre the pl/2 neutroen shell is empty. A more complicated situation
arises for the 2%7Pb target unless weak coupling applies. In that event
the cross section (total or differential) for populating the weak coupling
doublet in 2°7Pb would have the same energy dependence as that of the
core state in 2°®Pb. A beautiful example ié the 2.6 MeV septuplet in

20985 studied by Coffin et al.s).



3. The Experiment

We.have used the IAR (p,p'f) reaction to study clusters of dipole
states in 2°®Pb and 2°7Pb to.see if they are selectively excited on
resonance as are the discrete 1~ stétes iﬁ 208ph,  The strong ground
state gamma ray decay of dipoie states .can ‘select these states, or
at least groups of these states, from the dense background of higher
. spin levels excited in nuclear reactions. Our energy resolution of
35 keV is to be compafed‘to about 100 keV: for the photon scattering
data of Laszewski and Axell),

The proton beam:.from the University of'Wéshington FN tandem
accelerator bombarded targets of enriched.zoePb, 207pp, and 2°%pp.
Typicaily 50 fo»ZOO na of beam current.was incident upon the O.S—lmg/cm2
self supporting lead foils. The experimental.setup is shown in fig. 4.
Protons were detected.at 90° in a Si(Li) detector 3 mm thick, collimated
with a 1/4" xv5/8" aperture.3-1/8" from the target. The detector was
cooled ‘in the chamber with a thermoelectric junction and was eqqipped
with an electron sweeping magnet. Fig. 5 shows a proton spectrum with
34 keV energy resolution, the best attained with this system. An anti-
coincidence shielded 10" x 10" NéI-crystal, collimated to an acceptance
ahgle of +7.5°, was the gamma ray detector. Coincidences between protons
and gamma rays were recorded with the Nal crystal at several angles be-
tween 45° and 135° in the reaction .plane; an out—of—plane-meééu:ement
was made for the ?°7Pb and ?OBPb targets by rotating the scattering

chamber 90° azimuthally around the beam axis. Spectra were collected



at energies corresponding to the s resonances

1/2° 3/2787/2

d5/2, and d
and off resonance for all the targets.

Three parémeter ‘(Ep, EY and TAC)Acoincidence da;a‘were'written
eventvby event on magnetic‘tape. The‘prétbn singles and coincidence
signals were handled simultaneously by éneAADC.. On playback of fhe
data tapes, a software window was placed around the prompt coincidence
peak in the TAC spectrum. Two dimensional proton energy versus gamma
Yay energy spectra were.generated-for events in‘the. TAC window, and a
sum along the kinematic 1ocu$ifor‘(p,p{yo) wasipfgjéétéd ontouéﬁ axis
representing excitation energy: in :the final ‘nucleus.

The geometry chosen for. the.experiment was;a compromise. The
undesifable (for our purposes) coherence of tBe direct-compound inter-
ference is reduced if one does not observe the scatterederotons in a
(psP'Y) rcaction, as was the case in the 208ph(p,p'y) study of Cramer

12 . . .
et al, ). In our -experiment, however, the pruton detector was required

_for energy resolution Because the high neﬁtron flﬁx dictated the use of
a Nal detector for the gamma rays. An ad?éntage'of‘a coincidence experi-
ment is that quite.precise gamma. ray branching ratios can be measured if
a clean proton singles spectrum can be .obtained. OQur particle detector
energy resolution was only comparable to the average level spacing in
208p}h, between 4 and 7 MeV, so we uhoué.to‘place.the detector at ep = 90°
because for this anglé (p,p') data with-a 9 keV energy resolution exist
in the literéturel7). |

Runs at several gamma ray detector angles were added together to

average over the proton-gamma angular correlation.. It ‘is demonstrated



in the Aﬁpendix that for J = 1 + 0 gamma.ray transitions the total
gamma fay yield can be obtained exactly from one out of plane and two
in plane measurements, the latter separated in.angle by 90°. The same
can be showﬁ-to be true for the dipole Y—réy‘transitions in 2°7Pb. TFor.
the 2°8Pb target, this procedure was foliowed, and the (p,p’Yo) coinci-
dence yields we report are proportiohal to %%'(p’p').90°‘ The total
gamma ray yields from the states in 208p} were used to determine ground
state branching ratios. For ﬁhe 2°6Pb the p~Y correlation was only
approximately averaged by adding data ‘taken at five angles between 55°
and 125° in the reaction plane. Some 2°7Pb data was taken in each of the
two yY-ray geometries.

The proton singles spectra could not be used to obtain branching
ratios for the 1 states in<2°82b because frequently in the vicinity of
a J = 1 state several known levels fell within”fhe 34 keV detector reso-
lution, and a sufficiently accurate background subtraction was impossible.
Therefore, the rélative differential cross sections at 90° were taken from'

17)

the 9 keV spectrograph data of Moore et al. .. Even in higher resolu-

25)

tion data there are indications of unresolved multiplets, precluding

the branching ratio détgrmination for some of the levels. Abgolute
normalization to our ceincidence.yields was made with the 5.29 MeV state

in the simultaneous proton singles spectrum, shown in fig. 6, because

this state had the largest cross section and the singles spectrum seemed
relatively élean. The background was determined by fitting the proton -

peak in singles with a lineshape derived channel by channel from the

coincidence spectrum,
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The absolutevefficiency of the Nal detector at-4.43 MeV is known from
a previous coincidence measurement26). Extrapolation to .7 MeV.was made
ﬁsing the known weak energy dependence of'the'gamma ray absorption for
the material in front of the crystal. The absolute efficiency is accu-

rate to within + 5%:

4., Results and Discussion

AL 29832_
The (p,p'Yo) reacfion has been used previously to study 1~ neutron

particle~hole states in 2-OBP'nlz)

. Our purpose in repeating some of that
work was threefold. SinceAwe were constrained to measure d1fferential
rather than total proton cross sections, it was necessary to perform
208ph measurements in the geometry to be used‘later for the other.
targets, the effects of the proton angular distrihution being unknown.
The second goal was to measure ground state gamma ray branching ratios
with 10% accuracy. A number of the branches déduced.by~Cramer et al.lz)
were'significantly»less than 100%, in apparent disagreement with Earl

4)

et al.1 » but both of these experiments had accuracies of only 20-407%.

Finally, in light of recent intefést22-24) in. the parity of the members
of the ?.60=7.08 MeV.J = 1 doublet, we hoped to see if the resonance
yields of the two levels on the IAR were similar to each other and if
they could rule.out a positive parity assignment for either level. A
l+ state would not be expected toAshéw enhancements on any of the IAR
studied hefe because the spin-orbit partners of the particle states

f

are not available (see fig. 3).
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Spectra of protons in coincidence with ‘gamma rays to the ground
state of .2%%Pb are shown in fig. 7 and compared. with OYY from the work

1)

of Laszewski and Axel . Seleétive excitation of the 1 . states on the
IAR is readily apparent. Relative cross sections were deduced by summing
the proton counts in each peak ‘in coincidence with gamma rays in a win-
dow from 0.8 to 1.1 times the photopeak channel.

Table II compafes our‘relative differential cross sections with the
relative total cross sections from Cramer et al.lz). The cross section
for the .5.29 MeV state was normalizgd‘to 100 .units in each case. It
is clear that the differential and total cross sections can differ from
each other by as much as a.factor of two, but.the qualitative dependence
on the entrance channél TAR is the same for both data sets. Thus, al-
though it is not possible to extract quantitative spectroscopic factors
from the differential cross sections using eqn. 4, one can infer common
parentage in states which exhibit siﬁilar analog resonance enhancement.

The branching raties are givén'in table III. We have used only
relative (p,p') cross.sections at 90° from Moore et al.l7), normalized
to our observed yield.of the 5.29 MeV state in singles, thus freeing
our results from systematic erfors associated with uncertainties in
target thickness, beam current integration, dead time corrections, and
proton detector effiéiency. _Moreover, angular correlation effects have
been completely taken into account.  The limiting source of error in our
deduced branches is the uncertainty in the cross sections of Moore et
al.l7) due to possible unresolved levelé. In quoting errors on the

branching ratios we have included all uncertainties except this

crucial one; however, we have indicated in the footnotes to table III

- =
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those energies at which multiplet structure was suspected in a 5-8
keV resolution (p,p') study at 35 MeVZS).

Our results are in substantial agreement with the branching‘ratios
reported by Cramer et al.lz). Four of the states (4.84, 5.29, 5.94,
and 6.31 MeV) clearly have ground state branchesAin excess of 75%. Most
gamma rays of energy 2.6 or 4.1 MeV in the coincidence spectra could be
attributed to the decay of nearby known“lgvels, but small (5-10%) branches
feeding the 37 or 2+ states, ‘for example, cannot be ruled out. The
smaller apparent ground state branches for’the 5.51, 5.63, and 6.25
MeV states can only be considered lower limits.because of the'high
prbbability of unresolved levels in the singles proton spectra of ref.
(14); In each of these cases the higher resolution (p;p') study by

25)

Wagner et al. revealed a probable multiplet structure.

The 7.06-7.08 MeV doublet has received considerable attention recently

22)

as a resnlt of eﬁidcncc that tlie 7.06 MeV state might have positive
parity and thus contain a significant fraction of. . the Ml otrength in

2°8Pb. ,Nathah et al,za),,using polarized photon scattering, have now
shown  that both levels are indeed' 1 .- There is great interest in the

6)

nuclear structure of these levels because they are strongly photoéxcitéd' .
Attempls to measure the ground state branching ratios of these scate36’8’12’14’17)
‘have yielded inconsistent results, leaving the radiative widths of the

states uncertain within a factor of two, Doublets repourled at this

17,25)

energy in (p,p') experiments cannot be positively identified as the
levels observed in (Y,Y) reactions.

We used a Si surface barrier detector in coincidence with the NaI

spectrometer to observe the levels with 28 keV resolution at proton
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bombarding energies of 17.0, 17.25, and 17.5 MeV. The proton and gamma
ray detectors were placed at 90° on either side of the beam to maximize
the counting rate. The Y-ray coincidence guaréntees that levels we
observe are those .seen in (Y,Y). Our spectra are shown in fig. 8.
Although the doublet was not completely resolved, fits of the spectra
with experimental lineshapes from other proton peakS'iﬂ the same runs
clearly indicate that a doublet is preseﬁt at all energies. ‘The higher
energy state at 7.08 MeV shows quite strong enhancement on the d3/2,
g7/2 IAR, while the lower energy state has essentially the same cross
section at all three energies. The resonance at 17.5 MeV would be ex-
pected for a lf ét;te with some d3/2 or g7/2 neutron amplitude, but this
behavior is not likely for a l+ state because .the spin orbit partners of
the d3/2 andg”2 neutrog‘orbitals,Athch are'abo§e the Fermi level in
208Pb, cannot partiecipate as holes to form a positive parity excitation.
The energy dependence we observe is thus consiséent with negative parity
assignments for both levels, but would not have ruled out a positive
paripy assignment for the lower energy level. It does, however, point to
a marked difference in nuclear structure between the two levels which

6)

have been suggested to-be possibly dominated by proton 1lp=1h configura-
tions. Our results .indicate é signifiqant d3/2 or g7/2 neutron component
in the 7.08 MeV level but noet in the 7.06 MeV level, They alsoc raise

the possibility that the 7.051 MeV étate reported in (p,p') by Moore et

.17) 6) and

al is not the state stfongly populated in (y,Y) experiments
observed in our spectra. Moore's 7.071 MeV level is probably the same
one that we observe at 7.08 MeV. Because of this uncertainty in level

identification we were unable to deduce a branching ratioc for either of

)
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the 7. MeV states, and we feel'thatﬁthe value listed by Cramer et al.lz)

s

which relies upon such a level identification, may be incorrect.

B. 2%7pp

The coincidence spectra for 207py are presented in fig. 9 along

with the photon scattering cross section measured by Laszewski and Axell).
Peaks in OYY occur at 4.8, 5.5, and 5.7 MeV, but some of the yield at
5.5 MeV can be attributed to 2°®Pb in the target. We observe peaks near
these same energies as well ‘as at several others. - In table IV are listed
the relative yields of the major peaks at bombarding energies corres-

Pk ; L ana d -1
5/2P1/2> S1/2P1/2° 3/2P1/2

configurations in 208py, The yields were computed by summing proton

ponding to.the analogs in_29BBi of the d

events in the peaks in coincidence with gamma rays.in a window +500 keV
wide, centered on Yo The constant window width slightly enbances the
yields of the lower energy states over what thef Qould be if a constant
gamma ray efficiency had been used, but the correction is.not significant
for our qualitative aﬁproach and ‘it does.not .affect the relative yields
of aAparticular'state on.fhe three resonances.

4,10 — 4.14 MeV. SwannZ) has suggested that the 3/2 , 5/2 doublet

rasults froﬁ the weak coupling of a plyz‘neutron holevtg the ?+bcollective
statg at 4.08 MeV in 2°®Pb. Although the partially unresolved statcs are
prominent in wvur spéctra; our experimental geometry is not suitable for
studying E2 y-ray transitions,‘énd we have not pursued the analysis of
these states.” However the.fadiation from this doublet is strongly peaked
in the reaction plane as is that from the 2+'staté in 298pp,

§;39.MeV.. Tbis level is weak‘in the p—Yd‘coincidence gpectra'because

it decays mainly via Y,. The p-Y,. coincidence yield’for this peak shows
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. . ‘oo . +
resonance which identifies it as the 5/2 state reported

a strong d5/2

by Moyer et al.27) at 4.389 MeV in the 2°%Pb(d,p) reaction; they found
a spectroscopic factor Sd . = 0.77. A configuration vd5/2<8 206pp(g.s.)
was assigned by Hering et al.28). This state is clearly not described

by weak coupling to an excitation of the ?°®Pb core since there are no

d5/2 neutron states near 4.4 MeV in that nucleus. It is interesting

-

to note, however, that if one thinké-of the excitation as the promotioﬁ
of a neutron from a pl/2 to @5/2 orbital, then the gorresponding transi-
tion of a neutron in 2%%Pb would lie higher in excitation because of
the pairing force between pl/2 neutrons in the grbund state., The main
d5/2p1}2 configurations in 2%®Pb lie at 4.973 MeV (37) and 5.036 MeV
(2_)17’25), an average of 620 keV.higher in excitation, in good agree-
ment with a difference of 628 keV between the neutron separation energies
of 2°°Pb and 2°7Pb.

We have measured an excitaﬁion function-for the 4.39 MeV state in
the reaction 2°7Pb(p,p'yz)2°72b(4,39) between 16.1 and 17.6 MeV and
found it to resemble the energy dependence of the (p,p') cross section

29).

of the 5.036 MeV, 2  state in 2°®Pb measured by Wharton et al. Fig.

10 shows the two excitation funections normalized to the same peak ciuss

section. It is the analog of the d single neutron state in 209py

5/2

which is reéponsible for the enhancement in 2°®Pb(p,p') whereas the
envelope of the 2°7Pb(p,p'Y2) cross section represents the combined
analogs of all the ds/zpl}z'fragments in 2°8Pb, This fragmentation of

the d configuratidn strength in 208pp is probably responsible for

5/2

the broadened resonance in. 2°’Pb(p,p').
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1/2

analog resonance and ‘is identified as the 1/2+ state seen in 2°®Pb(d,p)

4.63 MeV. The peak at 4.63 MeV is strongly enhanced on the s

to exhaust all of the spectroscopic strength of the'confkguration
vsl/Z‘g 2°6Pb(g.s.27). The energy dependence of the (p,p'Yo) cross
section for this state and the (p,p') croés section for the 5.29 MeV

1™ state in 2°8Pb29) are nearly idenfical, as can be seen from fig. 10b.
'No increase in the analog resonance widlli is observable in this case
because of ;he exﬁreme localization of the sl/QPI%Z c0nfiguratiqn in
208ph, The difference in excitation energies (5.29-4.63 MeV = 0.66 MeV)
again reflects the breaking of a neutron pair inAZOBPb but not in *°7Pb.
The 4.63 MeV étate is therefore not representable by weak coupling of a
pl/2 hole to a 2°%Pb core excitation.

6)

In nuclear resonance fluorescence,'Cdope has noted the absence in
207ph of a doublet at 5.29 MeV which would be predicted by weak coupling
to 298pp (5.29), but hé does observe a group of levels at that energy
in 2°9Bi where a proton is coupled to the core. Similarly, we do not

find ‘in (p,p') the significant s strength at 5.29 MeV which would

‘ 1/2
be required in 297pp by the weak coupling model. It is expected that
the 2°°Bi(p,p') reaction weuld selectively populate thocc ‘levels near
17 MeV bombarding energy.

ﬁe have measured -the gamma branching ratios of the 4.63 MeV level
to the 1/2° ground state and 3/2  second excited states of 2°7Pb. The
gamma ray spectrum shown in fig, 11 has been fitted using the Nal re-
-sponse function obtained at 4.43 MeV. from 12C(p;pLY)n The gamma ray

. . . . . . m
angular distributions‘are isotropic since the 4.63 MeV state has J =

l/2+. The singles proton yield was determined by'bombarding on and off
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the s resonance. Fig. 12 shows the proton spectra and the non-resonant

1/2

background which was subtracted from the singles spectrum. We find

r /T =864+9%, T /T =11+ 4%, and T_ /T < 3 #+ 6%, as listed in table
. -2 . . A -

ITI. Since a pure sl/2p1/2 configuration. could not decay  -to a pure p3/2

hole state, the 117% Y2 branch indicates that pg}z amplitudes exist in

the 1/2+ state.

4,87 and 4.98 MeV. Both of these peaks are about equally populated

on the three IAR. The first4corresponds closely in ‘energy to the 4.84

MeV, 1- state in 207pp and also to an enhancement in photon scattering

207P-1) 6)

in Coope ° has reported a probable'weak‘coupling doublet in
207pp at 4.847 énd 4.875 MeV, levels which we would not have resolved.
Fig. 13 compares our (p,p') excitation functions for the 4.84 MeV 1

state in 2°®Pb and the 4.87 MéV "state" in 2%7Pb. Since both cross sec-
tions are apparently independenﬁ of energy, the argument. for weak coupling
is not compelling, but the data are nevertheless consistent with that
pirrnré. The 4,84 MeV level in 2°®Pb is not populated by the d,p)

4,5)

reaction so its pl}z amplitude .is small, an apparent requirement
for the weak coupling.model’in-these nuclei. We conclude that the weak
coupling picture of the 4.847 - 4.875 MeV doublet 15 reasounable, but
its proof must await determination of the spins and parities of the
levels, and as seen in table IV some confusion exists in that regard.

A state at 4.98 MeV has also been seen in (Y,Y)6) and (d,p)27)
reactions -and assigned J" ='1/2+. It is fairly weak in our spectra,
and its resonance yield too featureless to assign it to a dominant con-

figuration, especially in the absernce of a corresponding state at the

same excitation in 2°8Pb.
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5.22 MeV. This peak has a clear d character and is again probably

3/2
a single level, the 3/2+ state at 5.219 MeV excited strongly in the

206ph(d,p) reaction and found to exhaust 53% of the v ~208pp(g.s.)

23)'

a3/2%

strength The (p,p') excitation function for.this state is similar

to that of the 5.94 MeV 1 state in 20<8Pb29) (see fig. 10c), which is

1}2. The excitation energy difference, 0.72 MeV,’

predominantly d3/2p

is again reasonably close to the pairing energy.

2:9,.5.6, and 5.7 MeV. .nur'spactra chow at least Lhree peaks in
this region rather pﬁérly defined in. energy, aﬂa there may be many '
levels contributing to - the strﬁétures;. Identification with levéls seen
in (Y,Y) experiments is speculative, but since it is the region of great-

1)

est dipole strongth below threShold'in‘2°7Pb , weak coupling to 2°aBb(5.51)

is an obvious possibility, particularly in light of the small.p-l—]/'2 admix-

lO,ll). Excitation

ture in that state as shown by its absence in ?°’Pb(d,p)
funcfions which we obtained for the 5.5 MeV groups in 2°7Pb and 2°%Pb are
shown in fig. 13. The distinctive ‘enhancement at 16.7 MeV bombarding
energy seems to be present in both huclei. “The-5.7 MeV peak in 297pb

shows this same behavior, though the second rise near 18 MeV does not
occur. It seems clear, neévertheless, that the states near 5.5 and 5.7

MeV in 2°7Pb have a structure . that is closély related to that ef the 5.51
MeV. state in 298Pp,

5.90 MeV., A peak with definite~d3/2 resonance character, but possibly
consisting of many levels, is seen at about 5.9 MeV. Weak coupling to
2°8Pb(5.94) is ruled out by the large dB/ZPI}Z amplitude in that state.

6.15 MeV. This peak, showing an sl/é enhancement, has not been

previously reported in particle or gamma ray experiments.. Its excitation
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energy is close to that of the unperturbed shell model configuration -

207pp(g.s.), a structure which would limit its J"

-1
pl/2

weak coupling would rule out 5/2 . " Such a coupling is a peossibility

-1 .
sl/2p3/24relat1ve to
+ + + . . . 208
to 1/2°, 3/2°, and/or 5/2 . A description in terms of V ® Pb(6.31)

since the 6.31 MeV 1 state is predominantly s ng}z with necessarily

1/
small sl/2p1}2 admixtures, but the level is probably not collective in

L . —_l:-".l . N ST SR EU
any sense. Additional support for the sl/2p3/~2pl/2 structure. is pro?lde@
by the existence of a strong peak with similar resonance behavior in our
206Pb(p,p’Yo) data belew. Moreover, in none of the Pb isotopes does the
81/2 structure near 6 MeV have appreciable dipole'strength in (Y,Y)

experiments.

Above 6.15 MeV. No clearly defined peaks are seen, but a very broad

distribution of d strength extends between roughly 6.5 and 7 MeV.

3/2
To summarize the 2°7Pb data, we clearly see the 5/2+, l/2+, and
3/2+ single neutron states (relative to 206'Pb (g.s.) ), and their reso-
nance behavior parallels that of the analogous vipi}Z particle hole
parent states in 208py,  Weak coupling of a pl/2 neutron hole to the 5.29
MeV and 5.94 MeV lf'statés in 2%®pp is prevented by the strong pairing
interaction of the pl/Z neutrons. Our data provide additional evidence
for weak coupling of the 4.84 MeV and 5.51 MeV 1 excitation to Py/2

holes in 2°7Pb. We alsé have some indications for pi}z coupling to the

6.31 MeV 1 state.

T e

c. 295pp

1)

The photon scattering work of Laszewski and Axel indicates that
+ .
the inelastic scattering to the first 2  state in 2°5Pb (at 0.831 MeV)

is small couwpared' to.the elaatic ecattering feor the sftates excited in
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(y,Y). We expect ghat most 1~ states excited in 2°%Pb(p,p') will simi-
larly branch to the ground state whereas 2~ or 3 couplings of the same
particle-hole configurations will feed the 2+ state or higher lying
levels.

The spectra of protons in coincidence with ground state gamma rays,
shown in fig. 14, are characterized'By mostly broad structgres evidently

comprised of many levels. The peaks in the elastic gamma ray scattering

. cross section OYY must also be the average contribution of many levels,

since the strength observed in nuclear resonance fluorescence in 206py

3)

is much less than in 2°%®Pb , in contrast to the rather similar integrated

cross sections measured with broad béam resolutionl).

Peghaps the most obvious feature of the p‘—Yo spectra is the absence
of counterparts to the prominent peaks in 207ph and 2°%Pb which have
strong selective enhancement on a single IAR. The explanation of course
lies in the dominant (particle —pl}z) neutron configurations of those
levels, configurations which would not be available in a nucleus with a
pure'piiz ground state.

Except for the 2+ state at 4.1 MeV, we find no peaks which can be
associated with levels known from resonance fluorescence experiment36’7).
In 2%8Pb most of the electric dipale strength helow 6 MoV rcoiden in the
5.51 MeV "collective'" neutron particle-hole state. The 'y-ray strength
in 298Py is spread between 5.4 and 5.9 MeV, but it is stiil fairly con--
centratéd and distinct from-the 7 MeV "mini resonance." We find an
appreciable broad.distribution of (p,p') strength in the 5.4 - 5.9 MeV

region, enhanced at 16.6 and 16.9 MeV bombarding energy and weaker at

17.5 MeV. This energy dependence is reminiscent of the same excitation
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region in 2°7Pb and 2°®Pb. Although. the El strength is spreading and
shifting in energy as one moves from 2°%Pb to ZQGPb, the shell model
structure of the envelope retains .its integrity to a substantial degree.

A large peak in our 51)2 spectrum at 6.2 MeV, not present in pﬁoto—
excitation, falls close to the unperturbed energy of the sl/2p;}2 shell
model. configuration. In 206pp the pi/Z hole state is unavailable, so
only P;}Z can couple with Sl/2 to give JTr =17. The Si/ZPS}Z configura-
tion resides mainly at 6.31 MeV in ?°®Pb, and probably is responsible
for the enhancemenﬁ in the sl/2‘resonance of a peak in 207pp at 6.15
MeV. Thus despite the high level density of 1  states at 6 MeV in 2°°Pb,
the sl/ng}z configuration retains its location and localization in
energy andfpersists as. the dominant configuration in the vieinity. It
is noteworthy that the sl/ng}z‘configuration is only very weakly photo-
excited . in all three Pb isotopes.

Above 6.4 MeV, only d3/2 étrength is appreciable in our spectra.
The structure in 0__, at about 6.5 MeV coincides in energy with a d3/2
enhancement. Higher energy states are not significantly popuiated via

(p,p') at these energies.

5. Conclusions

The (p,p'Yo) reaction on Pb isotopes through isobaric analog reso-
nances has been used to probé the particle-hole structure of states
which have large ground staée.gammaAbranches. The ground state branches
of four 1 states in 2%8Pp ana.a 1/2+ state in 2°7Pb have been determined

with 10% accuracy, and those of. the 5.29, 5.94 and -6.31 MeV states in

TR e

o



Y

22

208ph are found to be less than 100%. An 117 Y, branch of the 4.63 MeV
1/2+ state in 2°7pPb is interpreted as an indication of p;%Z neutron
amplitudes in that state. The non Yo decays of the 2%8Pp levéls unfor-
tunately were nét located in this experiment. Their identificatién in;
the'future might shed more light on the structure of thgse 17 levels.
Many of the states we observed ‘in (p,p'Yo) are the same as those

1,6);, The (y,Y) dipole strength distribution

seen in (Y,Y) experiments
is surprisingly unaltered in 1ts general features throughout the Pb iso-
topes. In contrast, the‘distfibution‘of configurétion strength revealed
in (p,p') appears at first to be totally different in each isotope,
However, many of these differences can be qualitatively explained by the
cogpling of valence p1/2 neutron holes to 1~ excitatiéhs of the 2%8pp
core.

Weék coupling of pl/2 neutron hoies in 2°7Pb does not occur for
core excitations with large Py1/2 hole amplitudes. Levels corresponding
to neutron particle _P1$2 excitations in 2°7Pb'are found with a nearly
constant shift in excitation energy relative to analogous states in
208ph, The shift can be expléined as a manifestation of. the pairing
interaction. The analog resonancc excitation functions for particle
“P;§7 states in 2°®Pb and 2°7Pb are similar. Ae expectod, ﬁnrrir1p
-piiz excitations are absent in 2°°Pb,

When the pl}z amplitude 18 known to be swall in 2°¥Pb core excita-
tions weak couﬁling of a Pl/2 hole becomes possible. Our data are
6,7)

consistent with the suggestion of weak coupling to the lowest 1

state in 2°%Pb. The 5.5 MeV "mini resonance" retains its mixed particle-

hole structure, but the energy shifts from 5.5 to 5.7 to 5.9 MeV as one
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moves from 2°%Pb to 2°®Pb. This argues against a strict weak coupling
picture for the bulk of the dipole strength d?stribution( The sl/zp;}z
éonfiguration, not'seen in-photoexcifation, remains localized and con-
stant in energy within 150 keV in the.three isotopes studied, and must

be viewed as essentially a'2°an core excitation even though the coupling
of pl/z-holes may not be strictly weak. At 6.2 MeV in 2°°Pb, this exci-
tation is the highest in energy whose parentage we can trace to 208py,
The peaks seen in gamma réy scattering at higher energies in 206pp are

weakly excited by (p,p') and their relationship to dipole states near

the same energies 208pp -is not known.

,
gl
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APPENDIX--Gamma Ray Angular Correlations

The directional correlation between protons and gamma rays in a (p,p'y)

reaction leading to a spinless final state can be expressed30) as

. ’ J -1 J .
H3(0,9) = g |£(-1)mpm e a’ (0)]2 (a-1)

where J is the spin of the excited state of the residual nucleus,
m‘is the z component of J
0 represents the gamma ray polarizatiuvu
P% is the population amplitude for the mth substate,
and d%o is ‘a rotation matrix element.
The polar and azimuthal angles 6 and.¢ are defined by‘the coordinate system

of Fig. 15, whose quantization axis lies perpendicular to the reaction
N

31)

plane.  In this coordinate system, thc Bohr theorem requires that

4eiﬂSf

nget™Sa (a-2)

initial

final ] nucleus

which {ﬂ;} i3 the parity of the [
and S is the sum of the spin components along z.

The magnetic substates populated in spin flip and non spin flip reactions

are restructed by eqn. A-2 to the following possibilities for . = 11 and 1~

states.
T .4 T o g
WJdq =1 J i 71
spln fiip m = 1 m=0
non flip m=0 . m = ]

Since spin flip and non flip amplitudes are incoherent, the correlation for
J=1 now becomes

W(0,9) « § | |Plar (0)]2 + | L P M (0)]2]. (A-3)
(s} : -

0 o0 m
. m=x1
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The dio functions for J=1 are:

1

dlil(e)'= 2 (1lzcos 8)
at (8) = +/T sin o
ox1'”/ T T'E Sin

at. (8) = 2(1tcos 8)
_1+1 " —. ) r¢cos ©O).

If we now define the real amplitudes and phases . of the substate populations

according to

|

Pz a elﬁm} with XIP;IZ = 7 (am)2 =1 (A-4)

m m
m m

and substitute into eqn. (A-3), we obtain

2 2. "2 .2
wl(e,¢) « (al + a_l)(;+cos ) + 2§o§1n 6+ 2a a

N sin26 cos(6-2¢). (A-5)

1

wbere § = 61—6_1.
In the plane (IP) and normal to the plane (OP) eqn. (A-5) reduces to

: wIP(¢) H w(e=90?¢) = A[(1+a§) + 20 a cos(6—2¢)] (A-86)

1 -1

and | Hop(6) = W(6=099) = 2a(1-a2) (A=7)

where we have introduced the proportionality constant A. The in plane correla-
tion WIP(¢) has the properly that its avcrage value can be nhtained by measur-
ing at two angles 90° apart. Thus

Wip(9) + W (4490°) = :A[(l+a§) +2a.a cos(6-2¢ﬂ

1 -1

+A[(i+a§) - Qala_lcos(®—2¢)] (A-8)

2
= 2a(1+a’) = 2(i;p)

in which the average value of is defined as

K P
" 2
. :;’ . = A _
<WIP> = %/f‘WIP(¢)Sln¢d¢ A(l+do)- (A-9)
The average value of the correlation over 4w solid angle is computed by

integration of eqn. (A-5). The result is

1 b .
-E-/;W(6,¢)d9 = 34 (A-10)

m
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Solving the equation

’ 2
(Wap)  1+dg (A-11)
o T
W, -a
OoP 1-a2
2 . . . .
for ao and substituting into eqn. (A-8), one obtains

a = XV + Wop | | (A-12)
m

Using eqn. (A-8) and putting the value of A into eqn. (A-10) we have for the
average of the correlation over all angles

1
Ny

Aw(e,cp)dsz = %[wlp(q)) + Wpp(pr900) 4 wL-.,P] . (A-13)

Thus the total gamma ray yield can be computed from measurements at three
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Figure.Captions

Comparison of (Y,Y) cross sections as a function of energy for
puclei near 298ph. Data is from Laszewski and Axell). Energy
resolution is comparable to the point spacing.

Schematic illustration of the 208Pb(p,p'Y) reaction on isobaric

2098i. The first three terms of the S1/2

analog resonances in
analog_state'Wavefunction'are shown.

Neutron orbitals in the vicinity of the N=126 shell closing. The
enefgies are taken from ref. 17,

Schematic diagram of the experimental arrangéhent showing a simpli-
fied version of the electronics.

Singles and coiﬁcidence particle spectra for a typical run with

the 208pp target. The indicated energy resolution of 34 keV was
the best attained with the Si(Li) detector.-

A portion of the singles and coincidence particle spectra showing
the 5.29 MeV, 1~ state in 298Pb which is enhanced at Ep =17 MeV.
Least squares fit (solid curve) to this peak in singles was used to
normalize the present coincidence data to the p?oton singles data
of ref. 17. A spectrum obtained off the él/g resonance at Ej = 17.5

MeV (crosses) is consistent with the background determined from the

“fit.

Elastic photon scattering cross section (Ref. 1) and (p,p'yy)
coincidence spectra (present work) for 208py at the bombarding

energies of the d3/2-gg/2, S1/2, and ds/p analog resonances. Locus

+l MeV.

You? MeV' random coincidences
o=

for p'-y, coincidences events is Ey=E
have been subtracted. Coincidence spectra for each target represent

the same integrated beam current. Arrows indicate energies of
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Fig. 9
Fig. 10
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unperturbed shell model ﬁeutron p-h configurations which can couple
to JT=1". Solid lines are merely to guide the eye.

Spéctra of protons near fhe 7 MeV doublet in coincidence with ground
state gamma rays. Runs at three bombarding énergies have been
normalized to the same integrated beam current. Solid line is a
least squares fit with the peak energies constrained and using a
lineshape taken from the 3.198 MeV state in the proton singles
spectrum, which is accumulated-simultaneOuély with the same detector,
electronics, and ADC as the coincidence spectrum, DAashed ocurve 1s

a least squares fit with a single peak whose energy was allowed to
vary.

OYY-(from ref. 1) and (p,p'y,) coincidence spectra (present work)
for 207Pb. Window in gamma ray energy is Ey= Ey_ * 500 keV.

Arrows indicate energies of particle-hole excitations relative to
207pp(g.s.) (see text and caption to fig. 7).

Excitation functions over analog resonances for states in 208pp yith
dominaul structure |particle -pi%Q,)A® 208ph(g.s.) (dashed curve is
fit to data, fit and data from ref. 29) and for states in 207Pb with
structure particle 'pi32=> ® 298Pb(g.s.) (data and fits from present
work).

Gamma ray .coincidence épactrum from Uie decay ot 207Py (u.63).
Dashed curve shows response function ol Nal detector for Y, alone;
solid curve is a least squares . fit with these transitions allowed.
Singles and coincidence particlevspectra in viecinity of the 4.63 MeV
1/2% state in 207Ph. Singles spectra are shown both on and off the
s1/2 @nalog resonance. Dashed line through the off resonance data

was used for background subtraction.
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Fig. 13
Fig. 14
Fig. 15
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Excitation functions'for populating the 4.84 and 5.51 MeV states
in 298pb and the 4.87, 5.5, and 5.7 MeV "states" in 207Pb via
(p,p'Yy). Data points with solid circles were averaged over y-ray
angles, points with crosses are out of plane measurements only.
Solid curve is drawn by eye through‘zoePb data and reproduced for
comparison with the 207Pb data.

(from ref. 1) and (p,p'yo) coincidence spectra (present work)

vy

for 206py,

Window on gamma ray energy is EY + 600 keV.
o
Coordinate system used in the calculation of (p,p'y) angular

correlations.
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Table I

Properties of Bound 1 Levels in .2%8pb

Tolev) 2J+1 2J+1

Excitation .8d,p === 5(d,p) Configuration
(MeV) ‘ref (6 ) 3 ’ 3 .
ref (10 ) ref (11 )
b, 84 6.3 mixed neutron p-h
a a,
5.29 . 8.6 0.90 A 1.17 S1/9P 1/
5.51 28 _— 0.05 mixed neutron p-h
5.63b --
-1

5.94 - 0.u47 0.73 d3/2pl/2
6.26° 4.1 Pp—
6.31° 1.0 s pt

, : 1/2°3/2
-6.49 --
6.72 15
7.06 29
7.08 14

4379 °F 87/,
7.33 38
a) 2J+1 S . Value of 2J+1 S, > 1 indicates 0 -and 1~ levels as doublet.
4 d,p 3  dp . : -

b) Level seen in ref. 12. Not positively identified as 1 .

c) Parity assignment is probable, but not certain.
' @



Table II

Relative Cross Sections of States in 208ph on the IAR

ds/2 S1/2 d3/2
do o do o do o

Energy ‘ dfigpo : dfiggo ' dfiggo

(MeV) (this work) (ref 12) | (this work) (ref 12) | (this work). (ref 12)
4. 84 14+ 1 — 16 + 1 — 17 £ 1 —
5.29 3+ 2 26 100t 100t 17 £1 27
5.51 |- 25.% 2 46 23 £ 2 57 19 £ 2 33
5.63 11 + 1 15 - — _— -
5.94 9 %1 10 9 * 1 - 4y + 2 50
6.26 N . .

(6.31 o+ 1 26 4g * 2 58 21 1 26
6.49 7+ 1 7 11 + 1 7 15 + 1 11
6.73 3 %1 — 6 + 1 —_— 30 % 1° 11
7.07 ' :

. + t + 1
(7.09 6 + 1 11 9 %1 9 12 1 12
T All cross

sections normalized to

this value.




Table III1

Ground State Branching Ratios of Levels in 2°%8pp

FYO/F (%)
Nucleus E (MeV) ref. 12 Present ref. 14 Footnotes
208py, 4.84 B 93+7 100 a)
5.29 80+:8 80+8 100 b) -
5.51 78+ 7 >67+6 100 c)
5.63 45420 . 24945 ~-—= c)
5.94 60+ 2 78+7 100
6.26 45+ 5 >59+7 100 c)
) 6.31 73+12 85+8 - 100
708 0t 4 o ?
207pp 4,63 - (I /T = 0.86+0.09, T_ /T < 0.034+0.06)
rYz/P = 0.1140.04

a) 4.1 MeV gamma rays in coincidence spectrum. On the basis of proton
energy these 2* > 0+ decays are probably fed from a state at 4.86
MeV reported in ref. (25) to have a probable multiplet structure.
We cannot absolutely rule out a 10% branch from the 4.84 to the 4.08
MeV state. |

b) 4.1 MeV gamma rays in cdincidence spectrum, pe;haps from state at 5.27
MeV reported in ref. (25), but we cannet rule out a 5% branch to the
4.08 MeV state. A O state found in ref. (145 to be only 8 kev lower
in excitation than the 1 state and excited in the (d,p) reaction could
be included in the (p,p') cross section for the 5.29 MéV state. If so,
with the (2I+1) weighting the. g.s. branch for the 5.29 MeV state becomes
107 + 97%.

c) High resolution (p,p) data of ref. (25) indicate probable multiplet

structure. Therefore g.s. -branch given is only a lower limit.

d) 7.07-7.09 MeV doublet not resolved. See text.



Table IV

Levels o:served in 2()?"Pb(p,p'yo-.", and their Relative Yields on Resonance

ENERGY RELATIVE YIELD <N RESONANCE - Ref ¢, (v,7) Ref 7, (v,y) Ref 27, (d,p)
(MeV) ds /o s1/2 ds/2 ENERGY  gI'2/TieV) ENERGY  J7 ENERGY Jm
Ner 18 151 s TS
I, 39 17 5 6 ‘ 4,389  5/2+
4.63 43 100 9 4.627 4.627 1/2%
e “ =0 e 3:23;> 13 h.972 1/2,3/2 '3:235 5/24,7/2-,7/2+
4.98 13 :8 17 4,980 7 4.982 1/2,3/2 4.985 1/2%
5.22 18 20 96 5,223 8 5.219 372t
5.5 18 29 20 5.49C 12
5.6 z 28 16 5.60C 8
5.7 28 L1 27 5.71€ 3
5.9 14 22 43 .
6.15 10 11 19 )
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