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: NUCLEI AT HIGH ANGULAR MOMENTA

F S. Stephens ;'
Nuclear Science Division - -
Lawrence Berkeley Laboratory

" University of California
Berkeley, California 94720

Two developments have recently-attracted attentlon to high-spin
states in nuclei The first was the d1scovery1 1n 197l-of a pronounce&;.”
irregularlty around spin l6h (called backbending) in the otherwise |
'very regular behav1or of the rotat10na1 energy spaclngs in some evenet
Geven rare-earth nuclei.‘ Con51deration of the cause of thls backbending
sled to the realization that the whole sequence of yrast states (the ”
lowest—energy state for each sp1n value) is’ particularly simple
and interesting ThlS sequence is effectively terminated when the
- states become unstable to fiss1on, or. perhaps 1n some cases to particle;
evaporatlon; which occurs at angular-momenta_arounu 70‘or 80h.for"r
| nuclei.in.the middle‘of the periodicbtable,'and:at 1owervangular“
Imomenta bdth‘above and below this,region; AIthough these'states nay '
;havehhigh'encitation energies, there is no'enCeSS over t’ha‘t'.requiredt
“to carry'thelangular monentun‘so‘that theyfare otherwise,colu and
iex;ected.to have-simple‘configurations'characteristicqof.the resbonse
of nuclear matter tolthe'addition of angular monentum;'>The'second
jgdevelopment in this area has to do-with the yrast states above the
‘.'backbend region.. In compound—nucleus reactions, heav&—ions can‘bring
’A1n angular momentum up to the limit that any nucleus can hold and

_experimental techniques to study_the'resulting_very high—spin states ’
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: érg ﬁow évdlving'rapidl;. This has recently ﬁrodﬁéedz fhe_fir§£ 
“iﬁformétion about éta£és'with spinélas ﬂigﬁ aé SQﬁ, indicating‘thaﬁ:the
whole fange of nuclear éngﬁlar momeﬁta is now open té'study.v

| The iﬁdiViduai &raét s;ateé in"a numbef ﬁéaium'ané'heévy nuclei
are knbwn up to abdht 20h, énd none are presently known beyond Zéh,
Tﬁi; iimit is imposéd by the present ﬁétﬁods of:producing theée=states.
Tﬁéfénérgies3’ of the yrast states for the even-even nqcleué }64Yb
afe‘plofted'agaiﬁét spip,in Fig. 1. The behavior,is'reasonably émooth-f
‘éhdfapprqximately parébolic as expected from thg rothtionélui(l + l)_,
felétioﬁéhip; Howevé&, around I = 14 there is a'changérinLSLOpe,fand
"viffthese'same dapa_aré plotted as (essentially)"moment of inertia.against:
 the.gquare of the rotat%onalifrequency; fhen tﬁe usuai backbendiﬁg T;
plot'shown_in the insert fesults. Hereléhé change in.slope_appearsf
- very ciéarly.as a reduétibn'in.the rotétional fréqﬁencf.(ﬁackbend);.
‘and - such behaﬁiorvis seen in ﬁany, but not:all}'fare—earth nuclei,
and also in some»caSés outside this region. -

‘It is now rather clear that the Béckﬁeﬁd'is due to.an in;etsection'

;df the grbund4state,rqtationai'band with anothér béndAhaving a iafger
effective moment of inertia. The dotted and dashed lines in Fig. 1
show the_frobable extensiéns'of the two bands, wﬁich.éfefndt querVed

~in this case, but both of which have been-identified in the  two o
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90-neutron nuclei, Gd and "~ Dy, and one of whiéh:haS'Béen-séen in

se\_/'eral.other'cas‘es.'5 Very recently the extension of the gréund bandv
.beybnd the backbend has been,seen in 164Er following Coulomb excitation6
with 136Xe projeétileé, and this represents a_promisihg new method -

't0'stqdy the'backbehding_region.'.Therejare four cases in the rare-earth

i
i



: regioﬁ Where;sufficient-informétion is’n§W"a§ailaElé ;Q obtain the
interaction'matfix’elements between the pr bands, and'these.a:e-all'
in ‘the 10-100 keV:rangé. The_néture'offthese new bands that cérry
angular momentum with tH: 1eas£ expenditufe of energy around I = 20h
is. of considerable interest, énéhat-least‘thrée'p0ssibilitiés,have
béen seriously considered. " These three mechaniéﬁs are also important
in the regions of higher angular momentum.

 Qne possibility for thé_new bands in that their largér'moﬁent.of
inertia ia due to a iéféer defdrmation of the nucleus. Such sﬁape_
'cﬁanges will surely be impbrtaﬁt at sufficiently high_anguiqr:momghta,‘
énd there alreadeis some information about them»in the spin’fegidﬁs
of'intérest. The deformation of the nucleus, B, isbgéne;allf'inférted
frbm'tﬁé pucleué quadrupole moment; which in turn is obﬁaipéd most
readily from the célléctive-B(EZ) vaides, Studies of these B(E2) a
vélues in the grouﬁd4State rotational bands of well deformed'faré;earfh
and_actinide (B~ 0.3)‘rotors consisténtly shows no.inérease up to
the highest measured spins (at.pfeseht ~20h). Tﬂé B(EZ)_vélges neér
Jorviﬁ'the backbend reéion seem, if anything, to bé slightlyﬂsmaller
than‘the vélueé at_iower‘spins; On the:othervhénd,-nuclei:alonghthe;
“lower edgesof the rare—eérth_regién (N =~ 96)-Where'6 <"O;3,'dq éhow
B(ﬁZ)"§élue$ iné%eésing‘with sﬁiﬁ,7-and, théfefore,‘presqmably,ééme 
éehtrifugal stretéhing; ‘The data do nbt"e%ﬁéﬁ& hiéh_enough in_spin
_tb tell if these ﬁuélei“étretch beyond the vélue'B ~ 0.3.ch5?ééféfistic
df the heavier:raré—earth rotofs,'ﬁut this seems unlikéiy."Thus>itf N
:appea:s fhat_fhe'medium.aﬁd hea&ier,nuclei_arévSOft towéfd:défdrmétion‘:

out to R N'O;S,'whefé the shell structure :characteristic of the spherical



—4—

' region is smeared»out; and then tend fq feéist further étretching.

T A mofe'dramatic example 6f a shapevéhaﬁge'is seen in the very
'neutron—deficient Hg isotopes. Here a backbend at very low'spin'ﬁalqes
(only'é . in 186Hg and:184Hg) is associated with a large incre;se in>ﬁ(E2)
.value.s It thus .appears . to correspond to a sudden qhange from a ﬁeafl&l
éphericalhéhape, 8 ~ 0.1 ﬁo a.strongly deformed one,vB ~ 0.25. :Recent'
Wérkg shows this backbend is.due to a cr0séing 6f:the,grOUnd band
with a aeformed band._-NuciearApotentiéi—energy galculationslo are
entirely}consistent_with this behavior as phey show g'deformed miniﬁum
dréppiﬁg_in energy With decreasing neutron numbér iﬁ_tpéng»nuclei,
until it lies at about the same energy as the neafly sphericaligroﬁnd—
:state ﬁinimum'in_184ﬂg;. Tﬁese éalculations dp not indicate a'secoﬁdu
moré—defbrmed minimum (or even shoulder) for the farg—earfh;regibn.
Thus, although,backbending can, in épecial circumétances, Qcéur due to
a shaﬁe change, it seems ﬁnlikély thét fhose in'the.rare—earth ;égioﬁ_'
have thistcaUSe.

Aﬁotherﬁposéibility for the upper bandsvis-thét they;have nb :
_pairiqg cbrfelatibns, and,thus have_p'figid—body_momgnt‘qf inertia
(2é1h2 ~.140 on Fig. l). »A.éuaden.collapse Qf.the pairing corfe%étiohs
atAg‘criFical.:otatiogél frequency was suggestéd in 1960-5y Métteison
.énd Vaiétin.ll Bgckbending'at_first,éeemed_to'be'Ehe realizatidnlpf
this possibility, evén though.on such a'picturé-one wpu1d not:a priori
expect a‘reduction of the rotational'frequénéy nor the éﬁ?sequent_Av |
' décréase-of the moment of inertia_wﬁich.often éccurs_afgép thgubackbend.-, 
It is glear-that the rotétion will.reduge_the pairing‘ébrreiatiopsll

since it removes'the;(time—reversél) degeneracy of the paired nucleons.
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A'pertect rotoruwould giwe a horizontal.line in the_insert_to‘fig. l,
and the observed'slope_at moderate and low_spin valueS‘isvverp,likely'
.to bevdue mainly'to’this_effect-of_the.rotation‘on'the.pairing;' This
fincrease_in moment'of»inertia is notvgenerally accompaniedvby a i
corresponding increase‘in B(E2)'value'(deformation),vwhich is consistent
Awith its being.caused by a pairing reduction. The calculations suggestb
ithat the.pa1r1ng correlations should be quenched somewhere between
20 and 30ﬁ resultlng 1n the rigid- body moment of 1nertia, and ‘the data _'
do not seem 1nconsistent wlth'this. However, 1t-is not clear that
this quenchingiwill be:accompaniedﬂby any sudden change_in propertiesl'
A third method for carrying angular momentum efficiently in the
upper band.is:the'alignment of individual'highfj,nucleons. ln-the
_ neutrons can be aligned with the’rOtation

13/2

axis to produce 12h in this. direction and the Coriolis interactlon .

‘rare—earth region two i

‘provides a dr1v1ng force toward such an alignment, The 1nit1al
calculation of:SUch an effect showed.that it could produce backbending;-'
. _behaVior,lzland subsequent calculationsl3 suggested that this alignment'
‘is more likely than a palring collapse in thlS respect. Furthermore'i_
two additional factors support allgnment as the cause of backbending.

- F1rst, the above mentloned ‘band interaction matrix elements of - 10—100 keV
':can be understood6 as Coriolis matrix elements, strongly.reduced by

bthe much lower core rotational angular momentum 4in the aligned band
compared with the ground—state band.--Secondly,-backbending is a180
'obserwedpin rotational bands‘of oddfmass_nuclei,‘but infthe:lightd:
rare-earth regidnfit‘is'inhibited when;(énd_onlg whenj theiodd'particlev )
is‘an aligned i ‘ | » | |

13/2 neutron.: Such a blocking suggests that the
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aligned i neutron is involved in the band causingAthe'béckbehding.

Y1372 - _
In the heavier tungsten and .osmium nuclei it is the h9/2 proton that _
‘blocks the backbend, and in the Ba region it is the hll/zlpfoton. In

" each éase the orbital is involved in baékbending when.alignment is
energéticall§ mostvfavorable'(nearly empty,fpf thesé prolate shéﬁés).
The evidenée is becomiﬁgbrather'sﬁrong théf'glignment is the cause
- of most backbending' This same rotationfalignmeh; éoncept ﬁas‘also been
useful in uhderstapding the étates.qf odd—mass'nuclei__;14 especially_;
ithbséiwith smalier deformations and thus highér:rOtation freﬁuencies.
Iﬁ such cases itvsgemsithat a coupling schémé‘where the particlé angular
-Hmémentum, j» is Auantized élong the rotationfaxis may be gpplicable
to many 6f the lowflfing states. »Ihus'the:aligﬁment of single-bafticlé

: and rotational angular momenta aﬁpears to ge iﬁﬁortant for several
‘ildiffergntvtyﬁes of high—sﬁin'stgtes;

Iﬁ'ié now of interest té view.thé entire_range of angular momenta |
pdssible fof-nuclei. Such a:view ié given séheﬁatically in Fig. 2,
which is due to Bohr_anq Mottelson;ls'_This is a:plot of eneféy‘VS'
angular_ﬁqménthm for a pucieusvof“mass aroundf16Q.':Thé lower,
»,épbroximately parabéli¢, 1iné_is(the yrast liné so tﬁatthere areAnb
leyéls‘iq the hqcleusrat energies below this. Afﬁe uppér'ling giyés'
the fissipp”barri§r ﬁhiéh norﬁallyvsets the upper iimip'to;the study
of nuclégf 1éve1§. ?hé'inferééction»of theSe'two:liqéS-giyes.én\ ”
effectiVe maximum angular momentum possible for;sgéh a:nuéiéus;v -
although £he Studyvof the states By gammafféyfémisgidn might férminate'”"'
eéfliérfif the-highéét.yfastbstates were Rargiclg unStéble; Nﬁglei:

in this rare-earth region have prolate shapes near the‘grouhd~state as
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"a resu1t of the shell strugtufe. fTﬁe hatched rééion_éxoUnﬂ thé gfound B
staﬁe indicgtés‘#he.regidn whére fhe ﬁéiring‘cdrfelations“aré_expécted‘“
‘ﬁo exiét. ThisVregion is expéctédﬁto terminate around I = ZO, as hasv 
‘been 315cusSéd, énd,wﬁile fhe.experimén;al'aé;é confirmv.a'stéQAy
deérease:in the pairing with inp;easing’spin; no termination has yet
been identified. | | | |
Somé_iﬁsightvinto the behéviof above‘ZOhviﬁ Fig.-2vcan'bekobtainéa"

from ;hé equilibridm shape of a liquid drop.16_bAlrigidlyﬁfotépihg;'
“dhérgéd 1iduia drop prefers'an oblatévshaﬁé untiiﬁshortly prior to.fhe
pOinﬁ'whére:it»fissiéns. The large moment af inertia éssociatéd |
.'ﬁitﬁ‘oblafe shapes’miﬁimiées(ﬁhe‘fotai énergy of the system in the .
same way'thét the eafth{s rotation gives_rise‘to such a shape. While  1
:é’ﬁuCleu§VCannot fétate in a classical sense about a-Symmétrybaxis; it
has been sh&wﬁ%?”that'thé tiajectorYTOf'statesfdbtained‘bf aligning

the angular momenta of individﬁal.partidles along’the:symmetry.aXis
(deformation-aligned states) is,thé séﬁe, on thé'average,7as that which
wQuld'be-obtained b§ rigid rotétion of fhé’system about that‘gxis. -
In contrast to the pféiate caSe, discussed_above, this meanéjthat the
defoimatibn—alignéavstates generally lie lower than the rotation- -
“aligned states ih:oblate nuclei. Thus if the shell effects were
negligible, the nucleﬁs at'high'anguiar momentum would Bevbblate'apdf
_fhe angular momentum would be carried by aligﬁed individual nucleons.
Theré»wo@ld be nb‘colleétive motion énd-thus ﬁo enhanced B(EZ) values;
This cpfrespoﬁds to phe:regioﬁ iabeled C in Fig, 2,van& is:-pfoﬁdééd
to ocecur at ﬁhe highef éngqlér‘moﬁenté,%whén;the,C1éssiéél iiqu;dFdfdp

. effects dominate the éhell éffeéts, It has;beéh'suggeStedls.thht'this'
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' regioﬁ might be identifiéd expgriméntally;by fhé.décurfence-éf isomeric
.states which arise due to fhe<absenée of smooth rbtational—band
structures. However, ﬁo such isémers have‘been identifiéd up to the
present.time, aﬁd the mosﬁ récent calculationé18 suggest thatlsuchf',
-isomers may be rarepﬂ s
At the very @ighestvspins the liquid-drop éstigates_sﬁggest thét'
“-the nﬁcleus Qill_étfetch rapidly into very defofﬁed triaxial shapes
_”1eéding to fissioﬁ, _The:iﬁérease-in deformatioﬁ and mbmént of inértia
-is predictédfto be s§ rapi&'thatﬂthe rotational frequency wgli décfease'
- and .a "super-backbend" will occur. It is interesting that-fhe liquid- -
drop estimates (and more rééent dnes18 inéludingvShell effecfs) predict
only sméll'increases (if any at all) in deforﬁation up fo Nth_pridr
to this fission limit (60 or 70h for rare-earth nuclei). .The obsérvations
éxtend~onl§ up fo'~20h but in that range they are consistent with this
expectation. fhe‘superfbéckbend is; théréfore, expected to occur
over a very limited fegibn in spin; but it shoﬁldybekdetectéﬁle if
thié fégipn'is as large as‘~10h,-and séarches*for if afe\ih‘progress.
Between the prolate ground-state region_and ;heiéblate:hiéh-sﬁin
-regibn.just'diséusged-the'nucleivare~expected~to gO-through triaxial
‘ éhapeélA In‘SUCh a case the possibility of a wobbling mbtion,xin additiOn'
to:rotation about the axis with the largest mbment.of iﬁertia, ‘has
. been suggésted by Mbttelséle to give rise to a series of~¢10$ely
spaced-Parallel'roﬁatiqﬁalvbands; labeled A in Fig. 2. 1In fhis région
of épihs.there is experimehtal evidencezo suggestiﬁg that.a numbef df.‘
parailél bands Qo exiéf, having énhahced B(E2) vaiheé. Fdfthermorg;

the observed: backbend in the rare-earth deformed region seems most
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likely to correspond to two aligned high-j nucleons, thse orbits would

indeed represent a triaxial bulge in these prolate'nucleig Thus, -

 there is some evidence to support the behavior suggested in Fig. 2.

However, the extent of the triaxiality and the spacing and nature of

DI

' the parallel bands are not known at the present time.

As discussed previously, the backbend mostxlikelyicorfespOnds'td>

- a particular pair 0fvhigh—j nucleons aiigning'their angular momenta

with the rotation,akis,.and thus repfesents a small "shell" effect.
One might expect further shell effects'of”this_type'as-hands.based
on other aligned high-j orbitals cross under the previous yrast band.

This situation is labeled B-in Fig. 2 and offers the hope of'additional o

' structure_at'these spins in the nuclear spectra. Whether these.

crossings will show up” as additional backbending‘of be averaged oht 

to a more classical centrifugal behavior is not c¢lear at the present

time.

Part of the present excitement cdnneeted_with'these high-spin

states comes about because the ideas outlined above can be tested

. experimentaliy.' Almost all the present information on high—spin

states has come from heavy~ion compound-nucleus reactions, where angular

mbmenta‘well over lOOﬁ' could be introduced. " The de-excitation of

- the’ products from such reactlons show ‘strong 1nd1v1dual gamma—ray 1ines
'from states with 1 < 20h, The study of such~lines over the last -

10- 12 years ‘has produced a wealth of 1nformat10n on the 1nd1vidual

states of many nuclei at spins around and below 20h, ‘and led” to the

discovery ofqbackbending. But above 20h it appears'that'the{population

. is spread out over so many levels that no single one can be isolated
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for stﬁdy;ﬁsing presently available téchniques.:_The_choicgs have thus
Eeen to develop néw techniqués pb_piék out the Sfﬁdy these vervaeakly;_'
populated 1evels, or to_devise methods‘to étﬁdy the unresoived (the
so-called “continuum?) spectrum. At the present‘time the latter
possibility seems to’be‘pfbgréésingvmofe rapidlyf_ 

.Several recent developments in the experimeﬁfal s£udy of'the- ‘
cqntiﬁuum spectra have brough;.it-to-the_point of giving_information.
on moments of inértia:forvétates have spins'up to 60h."First; events
'.'hayiﬁgﬂhigh'angu}ar.momentgm must be seieqted; and twé_méthods'to
accomplish this have Been'd¢Viéed. One of to Nrecordvthe‘contihgum
spectrum inbcbinéidencé with thé discrete 1ine$_at the bottom of the
cascade. This giyes'a ébntinuum speétrum for each channel (number of
negtrqps,‘prbtons, and/or %1phé'partiéles evapqratéd), ana it has
_been found tha; the aﬁgd1ar momentum is fractioﬁated,;with the higheét
values in those éhannels where the fewest particles are évaporatéd;
The ofher Qay to selecp high'aﬁgular—momentum events is to;reéord
thé continuum spectrum in coincidence Qith an array ofimény deteétérs?
sométimes called a "ﬁulti?licity filter". ‘Siqceva relationshig'(nop
unexpectéd):betweén theﬁnﬁmber of gamma fayé emitted andvthe ini#iél
vanguiar momentum ofp;he nucléus has been reasonably wéll és;ébliéhed,
a seiecpién of events wéfe'the most array detectgrs firéd_simultaneously_ﬂ
corresponds to a‘high angulaf—momentum selecfibn.. It is:nbt yepfclear
which of these methqu_ﬁill ﬁto&evtozbe~more ﬁséful. .Iﬁ éitber éése,‘
the continﬁumfspeétfum.is fecqrdedvin deteétorslldcéted a iargey.
(~50 rm) distanve frdm the targét;in_Order to différentiate neutfonsj-':‘

~ from gamma-rays by their time of flight. The observed gamma-ray

1
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‘pulse-height spectrumfalso has to be“"unfolded" to give‘the'primary.‘
gamma-ray energy speettum, snd‘forfthis reéSou the best tesponse
function~(highest”proportion‘of full-energy revents) isvdesirahle;
'leediug'to the ptesent:choiceiofjlsrge NaI»deteetofs.s:Eyeutually
detectors with much better response functions (for'example, some
type of electron spectrometer) might prove edvantageous.‘

- The spectra,obtsihed with’theSe,techuioueshhave'two geuetdlv
features: -A high—euergy_ekponential'tail and a more iﬁtense_iower-
energy "bump“. The high—energyttailvseemsllikely to correspond to the
first=few'statisticaltgamma tays emitted;before'the.yrast 1ine is
reached. Such an expoﬁehtiaI-spectrum'with about‘the observed slope
(temperature) was predicted binrover'and:GilatZl in 1967t The bump
vprobahiy-corresponds'to COlleetive (stretched E2) transitions along
the yrasthtegion._ This cohclusion is suppotted_by the_anguiar distribution
of the'gamma—rays,vand by the observed shape variations.of the'bump with
angularsmomentum-inout;f I1f this bump iudeed represents transitionS'
along, and parallel to, the yrast line, then 1ts endp01nt height, and
_shape variations contaln detailed 1nformation about the nuclear moments
of inertia up to the highest angular moments“in-the channel and several.
methods‘to extract'this informetionbhave been dehised; The resuitsz
for_the(uucleus lé?Yb are shomm'in-Fig. 3 whieh‘is the same type of’
plot as the'insert ih:Fig. i.' The-data‘from‘thencontinuum spectra.ere
~ shown as the large points in Flg. 3 and they extend up to trans1t10n |
‘-energies of l.4-MeV (hw). ~ 0.5, and ‘to spins of ~50h. .Two 1ndependent

' methods were used to obtain these points, one of which (diamonds in

Fig. 3) is sensitive to local variations,in the momeut of 1nertia, and“iv7
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can, therefbre, be used to search for backbends or any oﬁher irregularities
in the moménts of inertia. The data in Fig. 3‘§ré not.yet very detailed

in this respect, and‘show mainly just the apﬁroéch to thefrigid—body
value.of the moment of inertia. Studies.of this type are jus; begiqning
buﬁ'theyvcan give info;mation‘over to tﬁe~whole‘angulér—mbmentum fegion:
shown in Fig. 2‘and for nuclei in any mass region.

It is now ciear tﬁaf nuélei respond to increasing angular momentum;
chaﬁgés~begin to occur ffom the very beginning,rand some major
modifications,in the structure of mosf nucle;.héppeﬁ.byyspinﬁ2@1.
Calculations have recently suggested still more dramatic strﬁcturai‘
changes at higher angﬁlar'mOmenta, and the exﬁérimental tééhniques to
identify these events-séeﬁ,to be_af hand or dévgloping rapidly. This
vpfomiseSvcontinuéd pfégréés in_ourbuﬁderstanding ofvﬁhis.dimension
of ﬁuclear hatter. |
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Fig. 1.

-Fig. 2.

Fig. 3.
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'FIGURE CAPTIONS
A plot of energy vs ‘I -for the ground4band~rotational 1eve1s

1 .
in 6[‘Yb. The insert shows the same data in the type of plot

4

generally used to show backbendlng behav1or where

23m?% = (41 - 2)/E and (b = (E, 12)%, with E Ep "EI‘i;

uclear phases asa functlon of angular momentum and excitatlon

- emergy (schematic). The fission barrier as a function of I is’

taken from the liquid drop-calcula'tions.16 For 1> 80 these

calculatlons give a triaxial equilibrium shape, which would _

' 1mp1y another regime with collectlve rotatlonal band structure,

but this feature has not been 1nc1uded in the present figure.
The enlargements show possible level structures in the
nelghborhoodﬂof the yrast liner

Backbending plot for'l62Yb. The small solid uots’correspond

to the known low-spin states of 162Yb, whereas the open
' 160

‘circles are for the isotone ~ Er. The large dots correspond

to values derived.by»the integral method2 from the reaction, -

181 MeV 4oAr +_162Te. The triangle and square come from 157 MeV .

40Ar + 126Te»and 87 MeV'l60 + }SOSm spectra using the same
method. The diamonds are values from the_differential metho.d2

applled to the 181 MeV 40Ar case. The horizontal dashed-iine

is the: moment of inertia of ar1g1dsphere with A =.162.
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C.

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 Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal 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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