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ABSTRACT ‘
The lowest T =2 stanes of 20N s 21’lMg, 288i, 328, and uOCa have been
.'formed u51ng the (p,t) reaction. | The isospin-forbidden nroton (AT = l{or 2)
-and alpha particle (AT = 2) decay modes of these statee have been detenmined;
by cQuntingbtriton—proton and_triton—alpna ceincidence events.. Tne major deeay'

Mg(p ) 28$i(aof; 32S(po);

' L 20
modes- of the states are: Ne (a + az, a3 + ah); °

1
Lo . . , v 0 L -
: Ca(ao). Simple Coulomb calculations were performed for Ca; these assumed
pure shell-model configurations and.considered isospin mixing'in only the

(1d,1f) shells. They-did not predict the relatively large AT = 2 isospin

impurities necessary to-explain the observed alpha-particle decay.
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. states, containing literature references on T = 2 states, has been given
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INTRODUCTION i» T
Tt is weli.known that isobaric'analoggstatesvin light ;nd heavy nuclides
can be characterized to a good approx1mat10n by a 81ngle 1sosp1n quantum number
since the nuclear'force 1s'nearly charge-independent ‘The magnltudes of AT =
1mpur1t1es 1ntroduced by the Coulomb potentlal 1n low—ly1ng states of several»

=0 llght nuclldes have been calculated by MacDonaldl and found to be small.

fFrom experimental data on 1sosp1n—forb1dden gamma‘and particle transitions,

-Wilkinsong observed that the impurities’were in substantial agreement with these

3

_ theoretical estimates. Blin-Stoyle. has summarized analyses of both beta—decay

‘rates and masses of the mass-14 T = 1 states in terms of the'Coulomb"potential

plus a generalized charge-dependent nuclear force. He concludes that "none of
the data are“inconsistent.with a nuclear charge—dependent force of the order;of

a percent or so." One hopes that studles of 'isospln—forbidden" processes may

prov1de information about the form of nuclear charge—dependent 1nteract10ns

in nuclel, or at least, about the wave functlons admlxed-by these 1nteractlons,

In thls paper, experlmental data on the 1sosp1n—forb1dden partlcle decay

.of five T = 2 analog states in self—congugate T = (N=2)/ 2 = 0 nuclides are

'presented. The T =2 states are analogs of the ground state of the (Z 2, N+2)

nuclides with spin-parity O and are readlly formed in two—nucleon transfer‘
reactions on T = 1 target nuclides. Several of these states also have been‘”

4,5,6
o 22> as 1sosp1n—forb1dden compound nucleus resonances hav1ng total

observe
w1dths ‘less than 2.5 keV the small w1dths presumably reflectlng a relatlvely
hlgh degree of 1sosp1n pur1ty since none of the states have any 1sosp1n—allowed

partlcle decay modes. A_comprehens1ve review of experlmental data on analog

T

recently.
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The deéay schemes of thé,lqwéét'I =2 state§ in.goﬁe, thg,'zgsi,jsgs,
_"and hOCa were deﬁerminedvby éounfing tfifons‘cbincident'with'pfotons of'alpha
particles resulﬁing frqm'reactions Qf thé form:“ . |
- [z, M2)T =1, T =1] + p—> [{z,M2,0] +t
B Ly mieaer s

L [(2-2,8-2)0,0] + &

Each of the T = 2 states is uﬁboﬁndito‘seﬁeral proton (AT ='1 or 2) and
aipha particle'(AT % 2) decéy channels. ‘Tﬁe‘deééy energies for.pfotons rahge
from 3.12 MeV fo 3.89 MeV and fgr alphaAparticles.from'ﬁ.9h MeV té lé.OO MeV.
The Bfénching,ratios are indicativé of the relafivé effeptiyenésé ofithe iso;
vector (AT = l) c§mparéd to the isotehsér (AT = 2) chafée-dépendent'interac_
,.tiohs in.admixing info the analog states (or fihal étates)‘thqse cbnfiéufations
that éfe.éémpatible.with the-obsérved'dé§Qy. 3 ’ |

v Early'aftempts fo obserye T = 2 states as iéqspin—forbidden_élastic'
scattéring resonances wefe.notgsucces_sf.ul.8 Consequently, the initial éxperi-'
fAment of the kind reported here waé undertakén in gfder to»éscertain that the
isospin—férbidden partiéle—decay widths were indeedllargér than the isospinQ

allowed gamma-decay widths as has been found fOr the T = 3/2'states.9 Our-

“‘preliminary results on tﬁe decay of the‘T = 2 states in 2hMg and 2BSifhave .

_ . 10 . : : : - ‘ :
- already appeared. Recently, the Stanford group5’6'has located T = 2 states
fiinvboth particle-gamma and particle-particle resonance reactions. VComparisons

" of these data With,those given here show qualitative agreement.
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EXPERIMEWTAL PROCEDURE
The data were obtained u31ng proton beams from the Berkeley 88—1nch
cyclotron. The beam energy was adjusted from 42 MeV to L6 MeV dependlng on
the Qévalues for formatlon of the T 2 states, in order that outg01ng trltons
in the forward direction had energles of approx1mately 20 MeV Prev1ous work

had 1ndlcated that the (p,t) cross sectlons are maxlmlzed around thls energy .. 11

Selffsupporting targetsvof ?6Mg (99.2% enriched), 30g3 (89%); Cd3hS
(37.2%), and tha (9L .L%) werepused. The 26Mg target was7about 1 ng/cme thick,
: and the others Were between 400 and SOOFUg/cm2 thick. The 2ONe'-data were. |
collected using a 22Ne.gas target‘and the’eXperimental'arrangement will be g
vdiscussed separately: vOutgoing'tritons'were.detected‘in a.counter.telescopej;'
positioned at.+22_degrees with respect to'the‘beamfdlrection; this:angle is&at .
the.second makimumbof the‘L 0 angular dlstrlbutlons to the analog states '
The (p,t) cross sectlons at this angle are only about 80 to lOO ub/sr, there-
_fore, two vdecay counter telescopes were operated 1n parallel 1n order to 1
-_increase thehdata acqulsltlon rate These two telescopes were flxed at —90 B
’degrees'andl—lEé degrees. All three telescopes con51sted of AE, E, and E-reJect
LsiliconeseniCOnductor detectorsv(the last belng used to_reJect partlcles that
"passed‘through the E detectOr); Each of the-"decay"'teleScopesiconsistedvof{éOu
AE 280u E, and 500u E-reJect detectors. Decay alpha partlcles from the analog
.states could not penetrate the AE detectors, but could be 1dent1f1ed unamb1guously
from the reactlon klnematlcs. A schematlc representatlon of»the experlmental

' apparatus;is shown in-Fig. 1.
!
| .
|

" Signals from each detector were ampllfled and passed on to Gouldlng—

N~

Landis‘particle identifiers. Triton‘singles energy.spectra were accumulated
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“in the memory core of an on—llne PDP-5 computer using a multiplexer and analog-
to-digital converter. If pulses occurred in either of.the deca& AE detectors
in fast coincidence‘(2T v 50 ns) with a pulse in the triton AE detector then
the approprlate telescope 51gnals were fed to the partlcle 1dent1f1ers. Pro-
‘vided the‘event involved a triton lnjthe trlton.telescope and elther a proton
for'a'particlelstopping-in the AE:detector“of elthercdecay telescope, total
energy signals together with the necessary_logic'signals were passed on to the
computer and the data were stored on magnetic tape for later analysis. .These
data were flnally dlsplayed and plotted as 512 X 512 channel two—dlmen51onal
energy spectra together w1th the 512 channel triton s1ngles data.

Apertures placed in front of the detectors ‘served to deflne the accept—
ance solid angles, add1t10na1 apertures ‘and magnets placed in front of the
. deflnlng apertures helped to reduce the electron noise background. The triton
:Ttelescope subtended 9.2X10vh sf., The AE detectors of the_decay»telescOpes |
r_suhtendedvabout 1.5x1072 sr,and.the E detectors subtended ahout.l.’2.><l.0>_2 sr.
These relatively large solid angles,.necessary to insure reasonable data.
accumulation‘rates, were obtained by'usingbdetectOrs ahout.l.2 cm.in diameter
T as well as 1 cm defining apertures. SinCe the calculated branching ratios
~depend on the solid angles of the decay telescopes, and "dead" regions hnear
the edge of the depleted volumes of the detectors mlght have reduced the'
teffectlve:solld angles, comparedvto those found from geometrlcal measurementse
two methods were employed'to measure‘these angles by actual particle counting.
Flrst the AE solid angles were determlned to +57 by mountlng a ?lng'alpha—
partlcle source in the target plane’ (masked by an aperture the size of‘typical

proton beam spots) and comparing the AE countlng rates to those of a detector
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'.placed behind a much smallerbaperture‘of‘knownbsolid‘angle.v The E,solid.anglesu
‘ were‘fouhdhto £15% usiﬁg.data'from,the‘lgF(p t)' (3 10 MeV) > p+ l6O reac-

1T,

tion. The ~'F 3. lO MeV state w1th sp1n 1/2: decays lOO percent by 1sotrop1c

17

proton em1581on_(1n the ~'F recoil coordlnate system) to the 1-60 ground state.

A 36 MeV proton beam and a CaF,

target'were‘used to obtain the triton;proton\
’ decayAcoinCidence data. These data Were'then ahalyzedlinlthe manner described |
below to yleld the E detector SOlld angles

A 51ngle decay telescope con31st1ng of a 37u AE and 275u E detector was
used io the 2ONe experiment. The 6.4 cm dlam cyllndrlcal 22 (9l 37) gas
'target ‘was covered w1th 25u ‘Havar f01l, a tube at —90 degrees progected 1nto
the target Volume 50 that a 6 by Mylar f01l Wlndow could be mounted 1. 25 cm
" from the reaction volume. The reactlon volume was deflned by two apertures
placed ia front of £hé triton téleScope positloned at +22;8 degrees. The aecay
-telescope'at -90 degrees vieﬁed3the entire reactionlvolume through'the Mylar.winaOW;
thls thin w1ndow allowed relatlvely low energy decay products to escape the o |
- target with only minor energy.losseS'or straggllng. The decay telescope
geometry guarahteed eqﬁally efficlent detection'of decay_partlcles Whlch
originated'anyﬁhere invthe reaction volume. 'The solld angle of‘the decay_
Tatelescope wasldefined by a singlejaperture ln front of the AE detector and was

'calculated-from the geometry tolb'el6.0><10—3 sf(;eo%.
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DATA ANALYSIS
N . Lo b2 NboL

Coincidence data from the ~“Ca(p,t) Ca reactions are exhibited as
two-dimensional ehergy'speetra;in Figs.'é and 3 and are typical. The kinematics
- of reactions with three-particle final states are. completely specified if the
momenta of two.of the particles are measured. Thus, the data are expected to
lie along,baﬁdS'determined by the kihematics and'exPerimental resolution.: The
dlagonal lines shown in the flgures were calculated from the klnematlcs and -

39 36Ar (g s. ) + 0 llnes

‘many events ‘cluster along the ~7K (g S. ) + P and
-Typi¢a11y; the overall tritoh resolutibn was 130'keV and thé'protbn resolﬁtioﬁ
'1wes about 100 keV. The'qverell alphe particle (AE)-resolﬁtidnewee.primafil&_.
defermined.by energ& lesses:ih.the terget The e?enté in the figures cofre— 'CQ
L spondlng to 24.8 MeV trltons are accidentals assoc1ated with the hlgh yield

| v1}6 (p,t)lho contaminant reactlon .the number of these events was used as a o
e*meaSufe of the chance—cqlncidence rate. | |
| :Data alOng_the.kihematic'lines %ere added from'bothedeeay teiescepes 
" and projected'ontO'the tritoq energy axis in ordef-fo find_fhe decaj-pfbperties
of the T = 2 states. Figure h‘shows these prejections of the hOC_a data'aloﬁg 
-fwitﬂvthe tfiton singles energy SPeetrum;- The.triton'spectfum euts eff'at-aboﬁt
26.MeV beeauSe'of the relativeiy thin triton teleedoﬁe”detectors ﬁhieh.were
‘employed_in-erdef.to lowerktheiehance eoincidencevraies. vTheiiergest peak‘in’
H the eingles'speetrum5.exeeptingicontaminants,»corresponds‘fo the hOCa T = 2‘
"state at 11.978+0.025 MeV. .The 3:6Ar (g.s.) + a pfojeetion exhibifé a prominent
‘peak at the same triton enefgy,'indicating'the pfincipal decay mede' of this

‘T.; 2 state.
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The net numbef bf.events.asSdciatéd with'thevféfious.T = 2 decay hédesu
wasﬂfound_byisumming,the projecfed}spé§tfévover thg triton énerg& interval -
contaiﬁing the.f = 2 tritoﬁ peék as deféfmined”from the Sinélés specffum{-and
subtraéting:  1) the "real" thfeefpérﬁicle continuum Baékgréund; éhdbé) thé
"chance" background. The former_ﬁaéiaésﬁﬁéd £o Qéry iinea;ly évef fhe T =2
_>intervalAand, hence, was estiméted by inférpoiatihg.the béékgrouﬁavﬁeight on
either side of this .interval. The chance backgrouna ﬁaé calculated from the
khbwnvéihglés cbuﬁting rateé.togétﬁéf Wifh the kﬁOWn singlesrspectrum&shapgg;
This methéd:for calculating the number Of'éhance événté bccurrihé“inkany fegionv
.of the;two-dimensional afrays wés’alWays tésted'by'coﬁparing‘it;cresuité_fb_thé
' oﬁserved:numbers of_éveﬂts.occurriﬁgvinapértioné‘of>théfarréys Where oﬁly'chahce
eveﬁis could ‘contribute (for:example, the reéionsvcbrfesponding to éh;é MeV - -
tritons ithig. 2). Both kinds éf baékground subtractionsiwefe dsuallj small
‘compared to the total number of eveﬁts.obéerved for domiﬁépt transitibns; |

The brancﬁing raﬁios were calculatéd by compariﬁg-thé net number pf '}‘
coincidenge‘events'in a given décay mode tovthe‘number prediﬁted’frOm the“néﬁ
nuﬁber_bf.triton siﬁgles cdunts, the decaf.telescopé SQIid,angles, and'tﬁe m:
‘Jacébian‘reiéting.laboratory crésé séctiéns to those in the éoordinate system
vét rest with‘respect to the recoiliﬁg T =2 state.: All the T = 2 states dié-'
fcussedAhere have spin;parit&.0+ aﬁd decay isotropically‘in this coofdinate N

system.
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" RssULTs
Spectra of the projected coincidencevdata together with”the triton

singles spectra for 20Ne and 325'afe shown in'Figs.'Svand 6 (similar figures.

ghMg”and'28Si_appear.in'Ref.lQ).‘ The'relatively poor quality “Oye data
is in part related to the geometry of the.gas target experiment ﬁhich resulted
in apprec1ably smaller real to chance countlng rate ratios. compared to the
solid target data For both thls reason, and the small SOlld angle of the‘
single decay telescope, relatively few data were obtained. xTable I summarizes
'the branchlng ratio results for all f1ve T = 2 states. The standard deviations
.tabulated for the. 1nd1v1dual decay modes in the table represent only countlng
:statlstlcs.v The deviations listed for the summed branching ratios also include
uncertainties in'the decay'telesCope solid angles and an assumed lO%'uncer- 3
Vtalnty in the net number of triton. 51ngles counts contalned in the T=2 peaks
'V_Iarlsing from the‘possible presence of small peaks in the continuum backgroundb
| The summed branchlng ratios (XlOO) clearly should be less than or
3 equal to 100% It 1s apparent from the table. that the sums are in fact close
| to'lOO%. Although the_experlmental technlque used in the present uork does not
pfpermit examination of all eneréetically—allowed decay modes because of ekperie
mental cutoffs, in‘general barrier'penetration effects make transltions to
'hlgh lylng states wh1ch could not have been detected relatlvely unlmportant
‘ Column five in the table lists the branchlng ratios after normallzatlon to
lOO%-—lt is not 1mp11ed that gamma decays or unexamlned partlcle decays do not
make small contrlbutlons to the total w1dths. For convenlence the decay
schemes also are presented in Flgs 7 through 11 where all the states of the
'(Z-l V)’and (Z-2,N-2) residual’ nuclldes lylng below the T = 2 states are

,1llustrated 12
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A necessary condition for events ascribed to the decay of the spinv

- zero T = 2 states is‘that-branching»ratios derived'from each decay telescope
be the same, since the decay is presumably 1sotrop1c Theuratios of branching

~rat10s for all the maJor decay modes found from the —90 degree and —125 degree

telescopes»are listed in Table II; they lle w1th1n-one standard dev1at10n of -

unity and .are thus consistent with this requirement.

 DISCUSSTON
The T = 2 staﬁes invesﬁigated in theipresenf work are'fonnd to'decay.
éézg_by iSOSPdn;forbidden protonrand alpha—partiCle emission} Moreover,
excinding the'T = 2 state in;EONe; these states naVe large branching ratios

for.decay to the gronnd staﬁes of the residualJnuclides This second'property

‘makes fea51ble the task of locatlng the states|as compound nuclear resonances,

and all ‘have now been located utlllzlng this technlque except the one in. hoca;'

-The resonance data have generally prov1ded precise determlnatlons of the exci-

tatlon energies and total width upper llmlts, but. have not been utilized to
yield 1nformat10n about the partlcle decay branchlng ratlos, thls prohlblts
quantitative comparisons with the results given here. [An_exception.is thel
workh > on 9F +p which gives FpO/F = 6;2i0.h% and T = 2;li0.5 keV for the . .

Ne, T = 2 state. From Table I, P(po + p, + p2)/T ~ 1449%.] Both the ob- . -
' 24 28 .. . 32

'f:servations6=of_the T = 2 states of = Mg, Si,.and 7 S as resonances in

23 ok 31

‘Na + p, - Mg + 0, and 7P + p7and the unsuccessful attemptl3 to observe thef

. o7 T . o . . )
88i state as an 7Al + p resonance are in-qualitative agreement with the

- present results.

Before con¢lusions concerning the importance of various kinds of.

isospin-admixtures can be made, barrier penetration factors should be
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.considereda Table III lists the Wigner-llmlt w1dth calculated from graphsih
of Coulomb wave functions. Since the w1dths for the two types of decay are
gcomparable, the specific decay properties evidently are strongly 1nfluenced
‘be'the details of the admixed lower 1sosp1n-conf1gurations. The problem'of
.interpretation is"complicated'becausejthe data span the‘reéion from the ld5/2,

5 shells, where deformations ex1st to- the 14 shells where the .

28,1/ 3/2’ f 7/2

spherical shell model_has some validity. A modest attempt to estimate.the

'kinds ofvimpurities which would be- introduced by the Coulomb potential‘was
undertaken inZhOCa in order to ascertain whether large'AT =2 admixturesl(which
:presumably account for the alpha particle decay) mlght be expected,

 The s1mple mixing calculation assumed pure shell-model configurations and

1ncluded 1sosp1n mixing in only the outer (unfilled) shells. The T 2‘state of
2
)

2 (1r o1’ 02). Amplitudes of

o o o , 3/2 01 T/2 |
jadmixtures of several T''=0 or T' = 1 states in- this T =2 state, and also of a

36,

IurCa was taken to have the structure |(

¢ T' = 2 state into the T = 0 “Ar ground state were calculated in first order per-

" turbation theory. ‘The 36—Ar ground ‘state was assumed to have the structure

o )+
J(1d3/2)00;

matrix elements of the Coulomb potential,_ (T(T)|V¢|W(T')), were calculated

00? 'and the alpha particle isospin impurity was ignored. The

for'these'components using_harmonic.oscillator Wave‘functions with a:siie
parameter v'= mw/ﬁ = 0.25 fm_2 - The 1rreduc1ble tensor components of V, vhich
have rank one and two have selectlon rules AT = 1 and AT = 2 0 respectlvely
”foriselffconjugate nuclides.- The T' states considered in_hOCa included the
.n‘O.particle;O hole ground'state the'h particle—h hole.state15 at 3.35 MeV, and '
the 2 part1cle-2 hole states hav1ng the same nuclear configurations assumed for

the T = 2 state, but recoupled in isospin to zero or one. 'These'last,states:
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di- o 0 pem-1sodo
are the seaealled anti-analog-states"ahd the'Coulomh matrix;elements peré o
expectedtto'be relatirely large.y:The‘ieeatibns_of these states'are ndthe -
established experimentally;'ho#ever, in “the thvehergy'leVel schetne,l2 tﬁef
lowest spih'zero state appears to lie no lbﬁer thah 2.3‘ﬁeV}h Assahihg that'>
this is the locatioh of the T = Tz l 2 partlcle 2 hole state then its
anaidg'invh Ca lles at about lO MeV. Since thevehergy spllttlng between analeg

1
17), the (T= 0)2 particle- -2 hole’ state is therefore expected to 1ie at about

and ahti-analog states is thought.to be proportional to T . e %‘ (see'Refs 16

9 MeV.

The calculated admlxture coefficients aTT'— {Cy( T)IV IW T' )/(E 'T)}‘
are tabulated in Table IV, note that the largest coeff1c1ent occurs for the ;
T = l_antleanalog state. Only a few T! states were cons1dered,and, of course,

- many other states exist near the T'=‘2 state at 11;98-Mev.'vNevertheless; within
the frameworkvof this initial.caieulation.it is'perhaps reasehahie terignore.
'mOst of these‘other statesvsinee'only a=small,fractioq,of"these states-Will}hare
zero'angular momentum ahd.hone arelekpectea to have thetstrﬁetﬁre'required'tplproduee
large Coulomb matrix elements. [The latter speculation is clearly-true only_y;v
to the extent that the T = 2 state eonsists solely;ef‘the assumed”2'particle- i-i
,2 hole conflguratlon.] The: admlxtures llsted in the table do not appear to
o he large enough to‘yield‘a AT = 2 decay Width of; say,vl'keV. It.wouldpbef -
.usefulvto ha;e accurate width measurements froﬁ resonanee‘experiments; howerer,
‘it.appears unlikely on the basis Okahewn widths for_sihiiar ahaieg states
that'the_type of mixing considered here‘woula»be:able to_account fqr it.

On the basis‘efrthe ealculated admiXtures; 2.% 3 proton‘emiSSion te_a
39, o

'low?lying J" = 7/27 state of ~°K resulting’from the rather large AT =1,:
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2tparticle-2 hole admixture might be expected{rather than alpha particle decay.
. Unfortunately, the small penetration factorvfor decay to'the 39K 2.82-MeV ‘_ '«.
state effectiVely precludes this mode of-decay, preventing examination of the
imtortance of this admixture. Generalizing thesejspeculations, i.e.; that
"mixihg with the'anti—anaiog states might influence_the decay properties'of
T = 2 states in the other ndclei that wererexamihed it turns out that in every-
case either small penetration factors or small overiaps of 1n1t1al and flnal
for simplicity that .
states (assumlng/the T = 2 analog states in the llghter nuclldes have struc—
“tures given by the axially symmetric.Nilsson model) may hinder_proton emission.
. Thﬁs,Athe ahsence of any prOtonvdecay to'excited'states-in:the (Z;l,N) residual'
nuclides does not reflect upon.the'importancekof such miking. it is clear,_v
however that heither the obserVed ground statelproton decayVOflghMg or 328 nor
‘the alpha partlcle decay of the other T = 2‘states canvbe adequately explained
by the methods used. | | |
Many aspects of the rsospln mixing problem hate not been con51dered

the states undoubtedly have more compllcated structure than 1s‘con51dered here
.andvthe calculatdonai approach hsed is actually only_appropriate for calculating
impurities ih low—l&ing bound states, i.e., the "external" mixingbarisihg from
_the ddfferent neutron and proton‘wave'functionsfin the.exterior region'is com~
pletely ignored.lar
| It is hopedvthat the experimental resultsvpresehted'here"will stihuiate

‘more extensive theoretlcal efforts to descéribe the 1sosp1n—forb1dden decay
. ‘propertles of these states; In partlcular; it will be 1nterest1ng to learn
'iwhether the:Couiomb potential is capable of generating the AT'= 2 admixtures

. 1mp11ed by the observed alpha partlcle decay of several of the states which

have -been studled
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SumﬁaryJof T ='2 branching fatio_data.
Mode Net; Branching® = Summea® ‘ﬁofmalized
. events - ratios (X100) branching . branching
‘ o o ratios ratios '
e ,20Ne ;‘l6o +a _3t2 _6ts5 @O -‘.
S 6. (ai+a2)  1746 35412 38
164 (a3+dh); 1556 29+12 _:»32
‘l9F + (p_+p,*p,) T4l 14%9 16
 19F + (p3+Pﬁ+p5) 6+l 113:8 14
| 85&29
2hM_g *.?3Ng + 1, ~108%11 T1%7 CTh
e s 1 126 e "
e %fao 6 33 3
e + o 48210 22$h. 22
| ’ E 97i15.
285i > 2y + o 93t16 72¢8 81
g o o 11%5 8l i9?:
2Thy 4 pov. ber 448 5
2Tp1 + (pl+p2) 4+5 Lts '5
| 88+16
'2881'+‘a0 9l 18+7 16
" Bi 4 o 6+3 11#5 9
| '115¢2L

’(cbntihuéd)
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Table I. Continued.
Mode = - Net ‘Branching® Sunmed® Normalized’
events  ratios (X100) -  branching  branching
, o ratios ratios
"0ga > 3pr 4 a 125%12 116%11 100
36Ar R . =22 -1%2 0
39 + | ~o£7 -3%9 "0
112+19

astandard deviation includes only'éounting statistics.

pStandard deviation also includes uncertainties. in the number of triton counts

and in decay telescdpe solid anglés as explained in the text.

[
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Table II. Ratios of branching ratios derived frdm delay telescope
data at -90 degrees compared to telescope data at -125 degrees.

L4

. Brahching ratio (-90°)

_ Decay mode ' . Ratio: Branching ratio (-125°)
« ?hMg —— %3y 4 p; - N "~ 1.24+0.28
e+ a - ' ~ ©1.50%0.59
By s By o . © 1.08:0.23
2 5 3p P, 5 0.86%0.35
h(_)Ca‘———--———"). 36Ar +o o ' 1.28%0.26




<18

UCRL-189L0

Table III. Wigner-limit-widths_for particle decay of T = 2 states

Cwhere T =3 - R/(F,746,°) + PR
T = 2 state rp, * op_ bfué b
Zoﬁe 7.25yMeV | s 7.85 Mev
'2¥Mg!. 14 d _ 3311” o
?831 0.66 d 1.29
BRG 2.70 5 0.65
MOg, 0.38 a 0.13
= 1.5 A3 .
| W3 4 fm;

= (1.4 4

+1.6)
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 Table IV. Calculated isospin admixtures Opeps in the L'LOCeL

T = 2 state and~36Ar groﬁnd state.

‘_'._>. I(ld?)/2

.Exéitgtion | (T;2|V5|T'> © O
‘ )
,OCa
e =2 v._>2, e ;'” :
, |(1d3/2) vy(lfT/e) Jfo,T-z) | | - | :
—> l(ldB/e)8 T'=0) 0.0 MeV 16 MeV 1.3x1073
' SRS I _ o o -3
—_— [(v1‘d3/2) ] (lf7/2) T'=0) 3.35 . 13 _‘1.5><.1o
, -2 Ve mr=n wo - : : -3
—_— |(1d3/2) v(lf7/2) T'=0) %) 22 ‘7.35;0
=2 L N2 oy o | -1
—_— [(ld3/2) _ (lf7/2) T fl) N10 420 . 2.1x10
B
. h _ y _' -‘ ‘r
|(1a5,,)" J=0,1=0) | N |
')h T'=2) .10.86 150 .,_1;ln<1o‘2

The size parameter is v = 0.25'fm_2.-
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* FIGURE CAPTIONS

'Fig{vl. A schematic diagram of the experimehtal apparatus. Telescope #1
detected tritons ahd "decay".telescopes #2 and #3 detected'eitheriprotons
or.particles stopping in the AE detectors7(alpha particles). 'If one of
these events arrived in coincidence with a triton, the appropriate:linear

:ahd.logic signals were passed'oh}to'the hultiplerer——A.D.C. and to the
compdter. [The electrohics'for.telescopev#2‘are similar to #3 and are
not shown. . |

. Fig;.2. A two-dimensional energy spectrum of tr1ton-proton c01nc1dence events

from the ha Ca(p,t) Oca » p + 39

39

K reaction. The dlagonal lines labeled by
the residual states‘ofk K were calculated from the klnematlcs-
Fig. 3. A two—dimehsional‘energy spectrum of events consisting of tritons in
coincidehce with particles]which stopped in the AE detector of telescope
L #3. From‘the.AE energy losses, these partlcles are known to be alpha

42 )hO

particles and, consequently, the‘data correspond tohthe Ca(p,t ->

S+ 36Ar reaction{' As in Fig;”2, the diagonal lines’were calculated from

- the kinematicst The cluster of evehts along the 36

Ar ground state line
at. 22 b Mev triton energy is. assoc1ated with the decay of the O T = 2v.
state located at 11. 98 MeV in hOCa.

vFig._h.' The top spectrum shows the.triton singles data-containing the AOCa».
T = 2 state. The loﬁer—lying excited states are hot observed because of

lthe relatively thin detectors used in the triton telescope. The lower

spectra are summed projectlons from'both decay telescopes of events lylng
~along klnemat1C'bands in the c01nc1dence data onto the triton energy axis;

the arrows in these spectra mark the energy cutoffs determlned by klne—

matlcs and detector thlcknesses
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Fig.'57v'The top spectrum shows-somé of thé triton éingles daté'frbm the
‘22Né(p,t)2oNevreaction; fhe projected‘coinéidencé dgta‘ére'shown.inithe
lower'specfra}‘ Thé events ih thé intérvalibétWeéh the arrows_drawh énb
'eifher side. of the T‘=.2 sfété‘peak'ﬁéré‘suﬁﬁéd-to obtéin.the braﬁghing.
ratiés.v | | | |

Fig. 6;" Tfiton singles daté containiné the O+'T = 2'stéte in 325, together
with the summed,pfojéctioné.of thé:coiﬁcidehcé data (see Fig. U céption);"

Fig. T.. Décay écheme_showing enérgetically—allowed partiélé—decay mbdelérdf._

."thé-16.73 MeV T = 2 state of 2ONe. The level data are takén from the
| litéfature. Thevnormaliied_ﬁranchihg'ratiosvdetermined ip this work afe'

given alongside the arrows.

Fig. 8.  Decay scheme for the 15.43 MeV T = 2 state of Mg, (See Fig. T

caption).

Fig. 9. Decay scheme for the 15.21 MeV T = 2 state of 2855, (see Fig. T

céptipn)." B
Fig. 10. -Décay'scheme.fér thevll.98-MeV T = 2 state of 328% (Sée Fig. 7 |

caption). | | -
Fig._ll.  Deéay scheme»for the 11.98 MeV T = 2,statevéf LlOCa. (See'Fig; 7

caption). .
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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