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In this létter wé would like to point out the usefulness for spectro;

scopic purposes of the nuclear alignment obtained in heavy-ion,xn reactions;

It is well known that in compound-nucleus reactions the incoming particle

brings orbital angular momentum to the compound system but only in the m=0

sub-stétes, taking the beam direction as the axis of quantizétion.l Thus the

compound nuclei have their spins aligned in the plane perpendicular to the beam .

" axis; the only deviations are caused by the spins of the target nucleus and pro-

Jectile. “With heavy-ions as projectiles, the amount of orbital angular momentum

brought’ in far exceeds the usual nuclear spins, and the resulting compound nuclei

should be highly;aligned.' The evaboration of a few neutrons will leave the ini-

: tial spin distribution of the compound system largely unaltered and will broaden -

the distribution in"m. 'However, éince‘eQaporated neutrons do not carry off
much anguiar momentum, the nuclei withvhigh‘aﬁéular momenta will be expecﬁed to
remain highly alignéd evén after the evap&ration process, Thus. the final gammna
rays (or parﬁicles) emitted be£weéh discre£e states.of the residual nuclei will
shoﬁ angulér‘distributions with résPect to the beam directionvprovidﬂd that the
alignment'ié not destroyed by éome interaction wiﬁh extranuclear fiwids.

Tt has pr;viously been shown2 thgt the conversion electfqné emitted

following proton’and alpha particle induced reactions are indeed anisotropic.
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“In a paper to be published élsewhere,5 we describe the results of a more detailed

investigation with lithium-drifted Ge detectors of the angular disﬁributions of

the discrete gamma-ray cascades observed as the final de-excitation step in. some

. _ = 1 o ‘ .
twelve heavy-ion ( He to 9F) induced reactions, producing deformed and spherical

even-even nuclei in the mass range 160-200, The result of interest here is that

very pronounced anguiar distributions were observed for all these stretched 2

cascades. Using the expression W(8) = 1 + AQPP(cos g) + AMPM(COS 6) we have
o (.

 summarized the results of that work in Fig. 1, where Au;vs A2 has been plotted

fof the observed transitions other than the 2 — 0. Thé line in Fig. 1 represents
the reiationship between AM and A2 expected with a Gaussian‘distribution, cén-
tered at m=0, Tor the population of magnetic substates. Figﬁre 1 showé that:

l) thé populaﬁion can be approximately represented by a Géussién aﬁout m=0,

although significant'deviations'from this appear; and 2) the Azzvalues are

o and Ah are reasonably well clustered about particular values
(all data, I>2, fall within A2 = +0,3%0%0.09, and Ah = -0,09%0.05). The latter
result shows that this alignment will be an extremely useful tool, since it

generally persists throughout the entire neutron and gamma ray caséade.

The gamma decay of nuclei formed in heavy-ion,xn reuactions offers a

" very general method of studying the decay schemes of neutron deficient nuclei

over a wide rauge of the periodic system. 'Although mainly studies of ecven-even

nuclei have been reported so far, it is now clear that odd mass and odd~udd

nuclei can also be successfully investigated. We feel that the strong alignment

produced in these reactions 1s a very important feature which will be of great

"

‘value particularly in the study of these more complex level. schemes. One of

the most obviou$ ways to exploit the alignment is the measurement of angular
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distributions of the de-excitation gamma rays with respect to the beam direc-

tion; We would like to illustrate this with an example takeh from a general
: . ) - L‘ N !
study of the levels of the neutron deficient odd mass T1 nuclei. In the reac-

197, & : ' ' '
tion 9?Au( He,2n)l99Tl we have found, among others, three transitions of 331,

370, and 70). keV which lie above the 9/2- isomeric level at 749 keV. TFrom the

energies and intensities of these transitions, we believe they connect two higher

“levels with the isomeric one in a cascade arrangement with a cross-over (see

inseff in Fig. 2). We have measured the angular distributioﬁs of these radia-
tions with respect‘to tbé beam direction and find 1arge'anisotropies for each
transition. From ﬁhese7angular distributions,showﬁ in Fig. é, definite conclu-
sions about a particular spin sequence can be based both on ﬁhe‘signé of_A2 and
A and on their magnitudes, whenever the exper;mental‘values exceed that for

complete alignment (|m| = 1/2). Also, if two transitions come from the same

level, both distributions must be .consistent with the same alignment of the

‘ state. In the present example, where we know initially only the arrangement '.

of.the‘levelé (Fig. 2) and that the transitions must be dipole, quadrupole, or

a mi*ture, the distfibutions alone unambiguously reduce the possible spin sé;
quencés'from 19 to 5. It is then possible.to go furfher and make prébable" !
conclusions. based oﬁ the expected alignment of the state obtained from the

i

range df A2 énd.Au values observéd‘above for the even-even nuclef. Theseﬁ
considerations reduce the probable numbervof.ﬁpin sequences to 3 and these
probable spins arévéhown in Tig. 2. Conversion coefficient and other data can
provide the basisjfor a choice among these remaininglspin BEQUeNCES, The‘EE—Ml

amplitude mixing tatio for the mixed transitions can then be derived in cases

where the alignmént of the initial state can be deduced (e.g.,‘when'there is
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also a pure transition cEmingvfrdm the same state), or probable ranges can be

defined in less favorable cases.: It can be seen.that in this -example a con-

siderable amount of spectroscopic information can be obtained from the measurement.

[

ECAEN

| Ql . of the éngular distributions of. these three traﬁsitions.'
:_' This high degreé of élignment cah also be usea in thé.measureﬁent of

eleétromagnetic moments and hyperfine interactions of nucleér sﬁatés by the

- method of perpurbed angular'distribuFions. This tyfe of experiﬁent reguiresva

vtargeﬁ.structuré which preserves the spin orientation of the rggction product
for a beriOd longer than the lifetime of the nuclear state of ihterest.. The

vlower limit to the usable lifetime is set by the minimum time to get éppre-
c%able preceesion of the nuclear moment in the effective fiéld, the upper 1imit
by the relaxation time of the nuclei in their particular enviréﬁment. In these
studies the lérge recoil velocity of the @réduct Aucleus is very yalﬁable ih
getting the nuéléué quickly intd a suitable environment for the éxperiment,

Thus for short-lived levels in the 10 °%

to 1077 sec.rangé, the pfoduct nuclei’
can be recoiled into a ferromagnetic lattice ﬁo obtain Iarge-qffective magnetié
flelds to perturb the correlation. This technigue has alfeady been used in
= .

CQulomb excitation experiments,” and should find general application in reac-
tion experiments also. For half-lives in tbe ]‘0.9--—].0—5 sec range, the same
ferromagnetic epvironment can be gsed for resonance destfuctiqn of ﬁhe angular
distribution.é For this range of . lifetime one needs to take advantg;e of the
rf—émplitude enhancement ih a férromagnetié lattice while for longer lifetimes
this maj not be ﬁ;éeésary.7 For conventional spin-rotation méasuremﬁnﬁs in an
kJi: . exﬁernal magnetié field, ﬁhe'recoil atoms should go info non—magheﬂic cubic

metalﬁ;’to aVoid as far as possible éttenuating interactions. Expefimenﬁé'uléng f

these lines are clearly feasible, and. preliminary work is in progress.
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In uummary,'éuri%eSuits héve'shéwh thé£ é lé}ge.and reasonéﬁiy ﬁﬁifdrm.‘ 
\depree of aJlgnment ib pfeséﬁt tﬁnoughout Lhe neutron and gamﬁa ray cuacadeu.
_ fqllowing heavy—ibn;nuclear reactidns,. Thls has.been dcmonotrated to be Very
&:;:',l Qsefui.fof_spin gnd'multipblarit& assignménts:in'spectrqs;opicjstudieé Qf the o

g degexCitihg product‘nuciei. FIt‘prdmises to>be'useful also for studies of the:

nuclear moménts and hyperfine intéractiohs of levels in’the'product'nuclei;
Takenﬁtogether with }l)»the vide variety of nuclei that can be produced in

compound nuc]euu reaotlons, 2) the broad population of levels in a given

_ produtt nucleuu, and 5) the largc unnfoxm rec01l velocities of compound nuclel,
v ! .X ' . z' L
it makes the use of Lhese reactlons a general and powerful tool in nuclear B
speétrOscopy. 1; : B E N . ,
: B : o i
. . ¢ '
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"ql“ﬂ”3Thefpréliminérj.résuit$ of;thisiinvestigétion show clearly that
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 transmission.eiectron microscopy is a uSéfﬁl tool”for studying the deforma-
- tion mechanismé”in polycrystalline MgO,'xHOWever,-iﬁvis imperative:that

:the épeéimené,uséd?épproximate toftheoretical‘dehsity, §wing'to the

difficulty of:ﬁreparing'thinifoils'of,even slightly7pgrous material.
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G Fig. 1. 1
57,(left) and produced commerc1ally by 51nter1ng (rlght)
Fig. 2.

Fig. 4.
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ol FIGURE CAPTIONS

Polycrystalllne MgO produced in: thls laboratory by hot-pre551ng o

tMlcrostructure of (a) hot—pressed materlal and (b) 31ntered L "

.‘Amaperlal.

Typioal grain boﬁnaary'in ﬁnstrained hot—pressed material; the -~

BN boundary 1s at an angle w1th the plane of the f01l.

-

Relatlvely dlslocatlon—free gralns 1n unstralned hot—pressed

*,‘mater1a1.3 Dlslocatlons may be generated by cuttlng of the f01l  :

{,vaé at A.

_‘Fig.”S,

" Fig. 6.

_in the boundary at.A.

oy .

‘Triple point in unstrained sintered material.. Pores'dre visible

Dislocation strﬁcturevin-hofépressed'ﬁateriai deformed n1.5%

. at 1400°C. A small engle boundary isovisible at A

£y
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Fig. 1
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
.report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of 'the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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