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Abstract: Levels of Mo and Ru isotopes, excited by the reactlons Zr(a 3n)9 Mo,

Zr(a 3n)97Mo, 920 a,n)95Ru, QhMo(a n)QTRu, 98Mo(a 3n)99Ru,

an 100Mo(a 3n)lOlRu, have been studied by in-beam gamma-ray spectroscoplc

“techniques (y 51ngles spectra bean-~y delay, Yy-c01ncidence, and Y-ray angular

dlstrlbutions) A new isomer, tl/2 8 ns, is found in 95Ru. Much of the new

1nformation concerns hlgh-spln states. 'I 95Mo number of these states are

predicted by calculations for the configuration (wpl/z) (ﬂg9/2) (va , and

5/2
most of the others can be accounted for qualitatlvely by incluS1on of other

neutron orbitals, primarily g7/2 and hll/2 for the high-spin states Similar

shell-model structures are inferred’for some levels in ?7 99 101R In lOlRu

and 99Ru we observed also sequences of high-spin, odd—parlty states which can

be characterized as phonon bands coupled to an 11/2—‘particle state.

9h,96~ 98’100Ru(d 3 Y) ,9h

NUCLEAR  REACTIONS: Mo(a,ny),

92Mo (0, 27); measured. EY, IY’ oy(8), ay(t), Yy—c01n 95, 97

95, 97 99,101 93

Ru, “~Ru or th( ?), deduced levels, J, ﬂ.f 95Ru

(deduced tl/2

(leVel). ‘Enriched targets. Ge(Li) deteotors,

Work performed under the auspices of the U. S. Atomic Energy Commission.
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S 1. Introduction and Experimental Methods

In another ‘paper ) we have described studies of excited states of even
1sotopes of Mo and Ru populated by the (a 2ny) reaction. The present paper |
concerns - some ‘of the odd—neutron isotopes populated by the reactions (a ny)

: .and (a 3nY) The experimental data were obtained at the seme time as the data
pertaining to the even isotopes. |

Since the methods and interpretatlon of the data are described in
Ref, l) we glve here only a brief summary. Targets of Zr and Mo, enriched in
one of the’ stable 1sotopes, were bombarded with o particles at the Berkeley
88—1nch cyclotron. In most cases the bombarding energy was 30 MeV, although»a
few measurements‘were-made at 2h~ aud 40 MeV. Although 36 MeV is close to an
optimal eneréy'for the (a,én) reaction,'the (a,3h) reaction_competes to'a con-

9k ,96

_ siderable extent'in bombardmentBVOf the neutron-richetargets Zr and

98, lOOMo, vhereas with the neutron—deficient targets 92’9AM05 the (a,h) reaction
competes. | :
Gamma-ray‘spectra ahd angular'distributions‘relatire to the.incident
beam direction_were measured with small, planar Ge(Li) detectors. In bombard-
g . .

ments of . Mo,'nanosecond isomers were studied byimeasuring the decay cf the
Y rays_relativeito the arrival time of the natural beam bunches. Although the‘_
‘searches were less thorough, no isomers.were found with the other targets; a
limit of < 16 ns can be set on the lifetimes of'excited_states. Level schemes.
were constructed with the aid of Yy—coincidence measurements made‘with two
1arge Ge(Li) detectors. The_sensitivity of these~measurements,was,lower in the

early experiments, so that only the strongest of the observed lines could be

assigned from data obtained with the 92Mo target.
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The accuracy of‘the Y—fay energy detefmihetions'isbﬁ?l.o_kev unless
otherwise neted; .The.stated efrors~on‘the'angular distribution ceefficients;
A2 andbAh, are stasdard deviations derived from least—squares fifting of the :
‘data. | | 7 | ‘

While writing this paper we received a preprlnt of a paper by Mesko, v
Nilsson, and Hjorth ) describing similar studies at the Research Institute for

9k,

Physics (Stockholm) of the reactions ° Zr(a ,nY), Zr(a 3ny), and Zr(a ,nY).

We have included their results which are in general agreement with our own,.

95 97

in the dlscussion of 1evels of “?Mo and Mo.
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2. Experimental Results

2.1. 9th(a,3n)95Mo |

. The dataiand level scheme are given in table,l and fig. 1. Mesko
gp!a;.g) recently studied the 1é§éls of'95Mo from the same’reaction and also
from the'reactionVQQZr(a,n). Thelr_more detailed level seheme:is in-good
agreement with tne:one proposed here;-'From their {o,n) neasurements, they were"
also able to deduce arnumber ofjadditional levels of'relatively.low spin. Our
tentative level at 1073 keV is more firmly established in thelr work, as are
the spins of some of the levels - OQur coincidence results prov1de addltlonal
support for the 3635—keV level which they as51gn tentatively.

Although the proposed placement of the 386. 6-keV tran51tion is supportedl
by most of the coincidence data, this placement does not explain the observation
of 386.6—152:l.eoincidences. (We do not, however, observe 386.6-348.4
coincidences which are reported by Mesko 53;23.2), Mesko et al. also note
a discrepanCy between the singles and;coincidence intensity for the 386.6-keV
transition. It appears'likelyrfrom both sets of experiments'that the
transition'is a doﬁblet, whose weaker component remains unplaced.

"In fig. 2 we compare thellevels, derived from our work and that of the
Stockholm'group, with the recent 94Mo(d,p) scheme‘of Moorhead and‘Moyer3) and
with levels populated h’5) from the decay of 95Tc and 95mne The (o.,xny) data
clearly support the assignment 9/2+ for the 9L48-keV state which is very
probably the gsame as the state at 943 keV populated in the (d,p) reaction with
ln = 4, but a531gned as T/2+, The results of Mesko et al. ) lend somewhat

A weaker support to a 5/2+ assignment for the lh26—keV state, and suggest
rea531gnment of the 1222—keV Y-ray proposed as a ground state transition in
4

‘Ref. ). 1In other respects there 1s good agreement between the (a,an) {a,p),

and EC~decay results.

/
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2.2. %2r(a,30) o

Our date (table 2) support the level scheme shown in’ fig. 3 There are
some dlfferences in this scheme from. that proposed by Mesko et al ) from their
study of the reaction ok Zr(a n)97Mo. The 566-keV transition, which they assign.
as feeding the lllG—keV level in our scheme feeds the 1L436-keV state..'This'
placement is required by our observation that the 566~ and 320-keV Y rays are
fully coincident Reassignment of this transition casts some’ doubt on the
existence of a 1683-keV level proposed by Mesko et al. | |

Part of the intensity of the 102k, T-keV Y ray is in coincidence with

Y rays of 117.0, 278 0, 658 3, and 751.9 keV We therefore place a tran51tion S

of this" energy between levels at 2435 and lth keV in addition. to a lOEh T—keV
ground state transitlon;as proposed by Mesko gg gl. -We £ind the_(latter) o
.transition to be_coincident with'a weak‘259;0—kev Y ray, which probebl&-connects
the 1025-keV state with a staté'gt'iash keV proposed by the Stockholm group.

- of the aiternative'plecements proposede)kfor the 80L4-keV transition,
feeding levels at 481 end/or‘lllG kév, the lattervis in agreement with our
coincidence results, although the existence of a second transition of about
the same energy is probable, from their measurenentsg). A number oandditional
levels of relatively low spin, deduced from the'(d,n) dataz), were not observed .-
in our (d,3n) studies.

The ordering of the coincident 117.0- and 278,0-keV transitions is
uncertain, vThe’placement of the weak 919.2~keV-transition shown ‘in fig. 3 is
likely from the observation of-coincidences with these two Y.rays;fit would be

95,

analogous_to the placement of the 902-keV transition in ““Mo. We cannot exclude
en alternativevplacement: between levels at 2435 and 1515 keV. However, this

placement would be inconsistent with a spin of 15/2 for the 2&35-kev.state.
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97Nb(B—)6’7) level schemes are compared_in fig. h; The

'The'( ,Xny) and
only major disagreement 18 the absence of the 1146-keV level in the former,
Mesko et al. suggest reassignment of the 1146-keV Y ray to the: decay of a
1628-keV state.

96 . 8-10, - O .

Mo(d,p). spectra ) support the assignment of levels at 680(17/2+),
719, 888(1/2+), l28h(3/2+), and lh36(l}/2—) keV. A more detailed comparison.

awaits (d;p) spectra of higher resolution and seusitivity.

3. Ao +a o o L

Chikhladzell) has reported K and L conversion lines from a (256 * L)=keV

transition excited in the reaction Mola,ny)’Ru. On the basis of its K/L

ratio and an approximate K-conversion coefficient, he assigned the transition

an M2 multipolarity and:hypothesized the existence of‘aashortélived isomer in -

95Ru; 256«kevl(ll/2;) - ground state (7/2+). However, the ground state of

95Ru has recently been shown. by 351112) to have‘spin'and parity 5/2+. The
basis for the orlginal (7/2+) a551gnment which was the report ) of an allowed
95 1h)

In bombardments of 92Mo with 30-MeV o particles, we have observed a

ground—state'B _transition from (9/2+) has also been refuted
transition-of'255~kev with a half—life of 8.3‘i 1.0 ns. Thisohalf—iife is too
short for an M2 transition; very probably the multipolarity is E2. The.
observation of two other transitions with the same half-life plus prompt com-
ponents proves that, although the 255~keV transition is 1ndeed 1somer1c, it is
not a ground—state transition. | |
These results remove the disagreement between the proposed 11/2- M2
isomer and the 5/2+ ground—state assignment Our proposed decay scheme is

shown in fig. 5. The casoade of three transitions is confirmed by coincidence
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data. Another Y ray of 941 keV, not in strong coincidence with other Y rays,:
is placed as a ground state transition. All four lines are strongly'enhanced
when the bombardlng‘energy is reduced to-23mMeV which'supports their assign—

95Ru; The levels at 9hl and l3h6 keV are also populated by the decay

ment to
| of 7%Rn 15) and in the reaction 96 u(p d)

" The spin a331gnments of fig. 5 were made on the ba51s of the (p,d) data
and the similar. structure of 93 Mo. Alternative possible asslgnments, ‘consistent
with our results, are 11/2%* and 15/2+ for levels at 2024  and 2279 keV |
respectively,

The observed cascade transitions do not have a long-llved component
such as would be expected if the 21/2+ level of 95Ru were below the 17/2+ level,
g1v1ng rise to an Mh isomer, as in 93Mo. Preliminary theoretical calculationsl6)
predict that the order of these_levels should be_reversed in 95Ru.

The cascade depicted in fig. 6 was observed in the 9?Mo.+ 30-MeV a
spectra. The transitions appear to.have a half;life of & 3 ns,'although this
value is close to the limit of our time resolution. They are‘possibly
assignable to the reaction 92Mo(a 3n)93Ru although thelr ‘intensities relative

ol

to transitions in “ Ru ) increase only slightly when the beam energy is

increased to hO«MeV., An alternative assignment would be to the reactionﬁv

92Mo(a,pn)9th.

2.4, 9hMo(a,n)97Ru
The data and level scheme are given in table 3 and fig. 7 Placement
of most of the transitions is strongly supported by c01n01dence data, These

data do not yield unequivocal placements for the 189 2- and 255, 9—keV Y rays,



e " UCRL-19987

although they strongly suggest that the tran31tlons do occur in 97Ru. The

»189.2—keV Y-ray spparently occurs in the decay of 97 17,18
17)1

), and has been

Rh also

pieced tentatireiy-asva ground state transition -
| | With the'assumption'ef a 5/é+ ground state'fcr_97Rn; the:spinsk

indicated for the excited states at 422 , 879., and 119'91..1_&er are well estsblished

by the angular distributions and dec&y.patterns. Spins assigned'to thevstates

at 1845. and 25h5wkeV-are prebable. The,angularvdistribution of the 193.7-keV

vy ray favors a 21/2+ assigrment for_the 2739-keV state. However,vthis transition

" was not found to be isomeric lO ns); if it is an E2 transition, it must_v

(12 < _
be enhanced considerably relative to the single-particle estimate. The 11/2-
assignment for the state at 1821 keV is speculative; alternative possibilities
are 11/2+ or 13/2+.

97..

Rh has been restudied recently by Anton'eva gt_g;.l7).

The decay of

The only levels common to their study and ours are those at 422 and 879 keV.

2.5. Puola,30)%ru
| The deminant‘cascsde observed in this resction'is v
2268(19/2-) {E2) , 1570 15/2(-) '—Eg-—-> 1070 11/2(-) —(—Ei)—> 720 9/2+ E2 > 4.5, 5/20.
The ordering of the first two transitions, which is not determined unambigously
from the singles intensities, is supported by coincidence data taken with a
thicker target (which results in a lower effective,beam energy)._ The angular-
distribution date support the spin and multipolarity aSsignments."A spin of
7/2 for the 618-keV state, proposed by Kistner and Schwarzschild 19) from Coulomb*'

excitation experiments, is confirmed by the present measurements. Of their

alternative assignments (7/2,9/2)+ for each of the levels at 3h0 and 720 keV,
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772+ for fhe former and 9/2+ for the latter are in agreement with our angular

distributions. Very weak populationvof the 321-keV state in the ‘(a,3n) reaction
2.

.favors a 5/2+ a551gnment over the alternatlve 7/2+
odd parity for the lO?O—keV state is 1nferred from the absence of decay

to either of the lower-lying 7/2+ states Our'results-are summarized in table L

993u(d d'Y) schemelg)

19)

and fig. 8 Wthh also includes a comparlson with the

A comparlson w1th the decay schemeo of 995 99mRh is glven in Ref.
99

. A more
recent study of (1/2—) decay ) reveals a number of additlonal low-spin

levels between 618 and 2059 keV.

. é 6 100 ola,3n )lOl
_ As in'99Ru the most intense cascade observed in the (o, 3nY).reaction__
proceeds through the 11/2~ state. In lOlRu, this state lies below the lowest

9/2+ SLate, and consequently is 1somer1c, w1th a half- llfe of 17 Us 21, 22)

Because of this long llfetlme, placement of the 849. 5——-663 9-—-&31 L-keV
’Y—ray cascade above the 1somer could not be conflrmed by the c01n01dence
measurenment, but 1ntens1ty consideratlons allow only this placement or dlrect
feeding of the ground state. The latter p0351b111ty can be ruled out, because
it 1mp11es a 9/2+ level at 431.4 keV that almost certainly does not exist

19 101R
(e g., Tio state at h3l keV was observed in Coulomb excitation ) of u).

99

As in ““Ru, the trans1tlons above the 11/2- state appear to form a stretched-

E2 cascade. A second, weaker cascade,

1861 (15/2+) (z2) 22> 1001 11/2+ E2 M1

_— 307 7/2+ .>, gfsr 5/21',

is also constructed from the coincidence and angular distribution date.



~10- S UCRL-19987

Our dataiyleld addltlonal 1nformat10n about some of the levels
l populated by Coulomb exc1tat10n19). The spin of the 312-keV state (5/2) is I
Aeonflrmed however, our dats give strong preference to a spln of 9/2 rather .
' than 7/2 for the 720—keV state. Of the spins 5/2 Or,7/2 proposed'9)'for'the
state at 5h5—keV, the latter is more prbbablevfrem our measuremenfs.
TablefBAand fig. 9 summarize our results and compare them with the
lRu(_OL »a'y) schemel9) Studles of the decay of 1000 ana the two isomers of

101 Rh give evidence for additlonal levels at 639 and 8h3 keV 9)

]
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- 3. DISCUSSIOH :

Even—parity levels of 95Moland 97Mo have been calculated23 Eh) for the

conflguratlons (Wpl/2)2(wg9/2) (vd5/2)3 ( Mo and
95, 2k,

)—l (97Mo) Calculated levels of “”Mo ) are 1ncluded

(npl/2>2(1Tg9/2>2( 5/
in fig. 2, and we have also lnd1cated some correspondences with observed =~
levels. solid llnes connect the first or second level of a given spln with the
corresponding calculated level dashed 1ines represent a possible s1mllar1ty
between the nth calculated state and the mth observed state of a glven spln,
One>evidentdfailure of the calculations is the prediction'of too few

levels below 1-MeV 23,2h).

Another "involving the present results, is the

predictlon of lowest T/2+, ll/2+ and 15/2+ states at too high an energy )A

plausible explanation of these difficultles can be made in terms of neutron

orbltals that are outside the configuration space of the calculations The

observed states T766- keV T/2+, 15L41 keV 11/2+ and 2233 keV (15/2+) can probably

be assigned predominant configuratlons (\)ds/g)O+ o h+(vg7/2) * Configurations -

of this type have been suggested by Mesko et al. from the decsy patterns of the
statese). The implied ' g7/2 single—partlcle" configuration for the 7/2+ state |

was previously reJected ) because of weakness of the & = 4 (d,p) transition, which is
largely masked by the strong 4 = 0 transition to the 786—keV stateg). More - |

recent (d,p) data ) resolve the two transitlons * The spectroscopic factor for

the 7/2+ state is 1ndeed low (0. 18)

* o - _ ' : . ' .
Here and in”thenfollowing discusgsion, we usually omit thevconfigurations of

paired particles.
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:However, :E:S(d,p) for all 7/2+ states below 3 5 MeV 1s only 0.35. ), so that -
half of the observed g7/2 strength is accounted for by the 766-keV state |

| Other high—spln states observed in the present study are 'in good
agreement with the calculated states .

Low-lying l/2+ states at 786 and 1039 keV contaln most of the 51/2
strength (S(d,p) = O 59 and 0. .19, respectlvely )N The occurrence of at least .
one of these below the lowest calculated l/2+ state 1s thus ascribable to
neglect of the-Vsl/ orbital in the calculations The 3/2+ states at 204 and
1370 keV and the .(5/2+) state at 1426 keV appear to correspond with cal- |
culated states All three have low (d,p) spectroscopic factors ), consistent
‘with the prediction that they are predominantly seniority—3 stateseh). The
.state at 8Rl-keV (probably 5/2+) is populated with moderate 1ntensity by the
(d,p) reaction (S = 0,17 compared to O. 59 for the ground state3)) The state
thus contains some singlewparticle d5/2 strength, although the nature of larger
components of the wave function is unknown '

The odd-parity states [1938 keV 11/2- and 2611 keV (15/2-)] may be

2 =
11/2) 5/2)0+ oy + (v 5/2)5/2 9/2(octupole vibr. )3

. The former type of configuration has been suggested by Mesko 23_21,2). The

assigned configurations (vh (vd
spectroscoplc factor for the 11/2- state (s{d,p) = 0.26) indicates that it .
containsg a considerable portion of the vhll/2 single~particle strength

Figure 4 includes levels of 97Mo calculated by Bhatt and Ball h). One
promlnent dlscrepancy between the calculated and observed levels which was not

QSMO 1s the absence of the low—lying 3/2+ state in the calculated

found in
- spectrum. This state, discovered by Mesko et al in the 9th(d,n) reaction ),

was not observed in the 96Mo( ,p) reaction ), and should thus be a multiparticle
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state. It is very likely assignable to the same configuration as the first- B

95, ' ) ‘
5/2 3/2+

Mo, ( Its existence is further evidence agalnst
good closure»of the d5/ shell at N = 56 in Mo 239> 25) Occurrence of a probable

ex01ted state of

23/2+ state at about the same energy asg the one in 95Mo is also likely due to
this effect, since 21/2 is the highest spin attainable with the configuration
(ﬂgg/e) (vd5/2) 1.' The marked overall resemblance of the level structure of
97Mo to that of 95Mo is strong evidence against a single ds/euhole configuration
n 9Tyo. o | | o

In spite of the apparent inappropriateness of the neutron configuration

(a )—l 97Mo the calculations based on this configuration predict rather

5/2
'closely the energies of the l3/2+ 17/2+ and 19/2+ states. This is not
»unexpected in. view of the fact that the lowest calculated states of these SplnS

95Mo have predominant components of the type (“89/2)h+ Gi 8+(Vd5/2)5/2+’
that 1s, they are of seniority-one in the neutron component and thus similar
states should ex1st in 97Mo; More surprising, in view of the above dis-
cussion,of 95Mo, is the rather good agreement for the 15/2+ state,

The obaerved levels of 97Ru appear quite similar to those of the Mo

isotopes, the only maJor difference being the observation of a probable 21/2+

9$Mo.and 97Mo. As‘discussed in the

state in place of the l9/2+ states of
prev1ous section, this spin. assignment based on an angular distribution, Seems
questionable on other grounds; & spin of 19/2 for the 2735-keV state of 97Ru is
by no means excluded The occurrence of the lowest 7/2+ 11/2+, 15/2+ “and
11/2- states at somewhat lower energles in 97Ru is consistent with the above-

5.,

suggested configurations for these states in 9 Mo and the reasonable supp031tion

that the \)g,(/2 and vhll/2 qua51particle energies are 1ower in 97Ru.
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AlthQUEh tﬁevetructures of 99Rﬁ and lOlRu tend"to'bevmorefcolleetive,
.the same»trendetcapbalso be;seen ie these nuciei. vThus.the lowestpT/2+ states
are eqnpected te:the greund states.ty small EQFﬁatrix elementslg), which
spggests-that'tﬁey‘arelvgf/é-eicitatiens.rather'than members of a phonon

101

mpltiplet.“'The‘ll/2+v—-7/2+ and (in Ru) 15/?+ — 11/2+ spacings are also’

similar tduthe30nes'obserVed in 95Mo, consistent wlth assmgnmentu

' +2
. ! - +
(va 5/9)o+ 2+ h+(vg7/2) for the T/2+, 11/2+ and 15/2+ states. The 13/2+ = 9/2
spacings are also similar to those of 95Mo. However the ldwest 9/2+ as well

99

as the second 5/2+ and 7/2+ leVeIS'lie c6n51derably lower in. Ru and. lRu than

in the Mo isotopes; therefere these states are probably'morejcollective'than in
Mo isotopes. This,is analogous to the trend in the 2+ states of the neighboring'
even nuclei™ ).

99

The most notable difference between our results for ““Ru and 1035y and

those for the other nuclei is the predominant populetion of oddeparity states.

.This is undoubtedly due to the marked lowerlng of the “Vh guasiparticle

11/2 ’
state and related exc1tat10ne, whlch places these states below the- even—parlty

states of the»same_spin.

The odd-parity sequences in,lOlRu and 99Ru appear‘to be a good example -

of phonon—coupled bands (see flg 10). The resemblance-to the,seQuences

6+ —> L+ > o —> O+ in" 2Ru and (eveﬁ to the extent ofAsimilar
angular distributions of the transitions) supports an interpretation of these -
states asp(maximum—spin)‘ener, two-, and three-phonon excitations based on.the

vhll/2 particle'state. By'contrast, Coulombwexcitation results indicate that

the low—lylng, even—parlty st ates are not s*mply characterlzed by the weak-

19y,

coupling. model as one—phonon excitations baeed on the 5/?+ ound states
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)i2
5/2/2+

configuration in the phonon, which would result in even-parity states whose

A plausible explanation of this difference is the dominence.of the (vd

;pcharacter is'intermediate between that of the weak-coupling description and a

multiparticle,l( )3'configuration, subject to the exclusion principle.  On

9572

the other hand the (vh )2-c6nfiguration is'probablyfnot a major component

11/2
of the phonon-strueture, and thus the weak-coupling model should be-morer
appropriate to the odd-parity‘etates. This findlng is also in accord. with the
predlction of Kisslinger 6) that coupling of phonons to the high—spin, opp051te—_

parity orbital of each major shell should be weak.
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‘Fig. 1. Levels of

Fig.
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Fig.

Fig.

Fig.

Fig.
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FIGURE . CAPTIONS

Mo observed“in the present experiments. Spins in breckets
are those given in Ref, 7).
'2, Comparlson of 27Mo levels observed in (a,xny) reactions (present

measurements end Ref. 2))-, the ok Mo(d,p) reaction ), radioactive decayh’s);
2k, '

andvcalculeted ). The indicated correspondence between observed and cal-

culated levels is dlscussed in section 3

3. Levels of 97Mo observed in- the present measurements. Spins in brackets
are those given in Ref. 2).
h. Comparison of 97Mo levels observed in (o,xny) reactions (present

measurements and Ref. ?)), radiocactive decey6’7), and'calculated2h). The
indicated correspondence between'observed and calculated levels i1s discussed

|
in section 3

95Ru observed in the;reaction'geMo(a,ny).

(93 9k

5. Levels of

6. Levels Of Ru or 7 Te(?)) deduced from Y—ray measurements in

'bombardments -of 92Mo with 30-MeV o partlcles.

97Ru observed in the reaction 9hMo(a,ny),
99,

T. Levels of
“Ru observed in the reactions Mo(a,3ny) (present results)

8. Levels of
and 99Ru(a a'y) (Ref. l9))

9. Levels of lRu observed in the reactions OOMo(d,BnY) (present results)

lRu(a a'y) (Ref. 19))

Fig. 10. _Comparison of odd~parity "phonon" ‘bands in lRu and “2Ru with the

ground-state bands of the neighborlng even nuclei
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any leqgal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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