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ABSTRACT

The sought, but previously unobserved, isospin-forbidden particle-decay

modes of a T=2 state in a TZ=O nucleus have been determined by rarticle-rparticle

coincidence techniques.
- a-particle decgys‘CﬁT=2) from the ~ lig,

ST S>ST .
Y

particle

Proton decays (AT=1 or 2) and sirong evidence for

ol ' .
T=2 state were observed and show




>1”_lead1ng to tho 2?I\Ta or 20Ne lpvels 1nd7cat°a by he vy lﬁnes 1n un3:>'

Cae e umeams

Even thouch tL Tocations (and very 1arge upper limits on the widths)

of many O+, T =2 states in T =0 nuclel are known, ’" no further information on

'their properties is availab1e. Since'in gene:al ﬁo T;Q partic —decaJ char. 7$ _
.:_éré obén for these T=2v§t5tes, they aré:éxpécﬁgd o belrelééively sharp.~ Their;'
; isos¥in;fofbiddén‘particle.décays.afe bf jartiéulaf 1ntere3u since uhe prov1de
a s=n51t1§e-m°;sure of the 1sos§1n 1mpur1uy admwxed into these states by charge;

'dependeht 10o’*ces (Coulonb plus naclear) Although attempts to detarmlne the .

i

parulcle decay proportwes and total w1dths of thes= Suates through their observa-

a

- tion as "twice T-forbiddenﬁ'compound nucleus resonances in proton scattering have

A
been madé——a technique successfully applied to T=3/2 stateéj’h——solély negative .

5 5,5

resu]ts were ob alned
In order to be certain tha a typlcal T=2 stauo does 1ndeed possess a

total paruwcle width CAmparable to its gamma width (ZT >T ) and to

particles

~su;f1c1entlv eSuabllSh its decay propertles to ascertaln whether its exploration

by compound resonance techniques is feasible, the isospin-forbidden particle

ol

 decay of the Mg, O+, T-2 state populatéd-in the isospin-allowed 26Mg(p;t)2gMg_

reaction has been investigated. This particular T=2 state was chosen since

5,6,

previous searches Tor it in rescnance experiments were unsuccessful nd

?

since its low proton-decay energy makes it accessible to standard electrostatic

accelerators.

. . . | . : T -‘ » . . . 214‘ . .
Figure la shows all the probable7 decay modes open to the g T=2 stete.

”Utilizing'the 42.1 MeV proton beam of thé_Be:keley_88—inch cyclotron,. we have
'mééSured coinéideﬁces between_tritons forﬂing this statevaf lS.hBt0.0? MeV'excita—

': ft1on and qecay p“otons [u (la 5 9 MeV] or Q- parulcles [E (lab) 6 l MeV]  ff'ﬂ




1b presents the layout of the tbree, Lree-counter ele copes which were employedy

E—reJect detectors vere used to redtce bahkgroand.'v r"‘onsleadlng to the rég-state»-y.'tz
t':were‘identdfiedB in svstem 1 Dlaced at tbe L O peak angle of 22 L deg lab Fast-r o
v.and slow coLn01dences were re&alred oetieen trltons and A) 1dent fied’ protons in
system 2Aor 3 or rdentlrled - DartlcTes in system 2 (5011d angles of 3. 5 X ¢O 3 ) .
.:or_B) partleles stoppi hg in the AE detector of svstem 3 (SOlld ngle of 8 0-x 10 3 r). ."'.t
.-Because ofbthe'sﬁail solld angles'of systems 2 and 3 ar1s1ng from the need for_par;“r_'. -
tiele identification,'the'low_cross‘seetion,for tritoos populatingythe<T:é state',. 7.“
(40/a~100 yb/sr); and a counting rate limitation of 30,000 cps in the system 1 | )

E-detector, an average of only two coincidence events per hour in both systems

from the decay of th1s state vas obt ainatle. 'Fortyvhours.of coincidence'data

'dere recorded in four 512 X 512 arrays on maanetlc tape utlllz ing an or lwne

PDP-> computer whlle the cumulatlve trlton 51ngles data were stored in a lO2h

channel pulse—helght analyzer., The spin-zero property of tne T=2-state (F<35 kev9)_

guaranteed an isotropic decay with respect to the ~ Mg c.m. system——thus detaile
angglar}eorrelation'ueasurements vere not required 4o extract decay widths..

- Data from several eoin idence arrays are presented in Fig. 2. Part:2a :
_ shows the trlton c01nc1dences w1th partlcles stonpwnc in tne AE detector of

system 5, c01nc1d°nt partlcles dhlcn lost more than l 8 NeV in thls aetector )
l»were requlred by klrematwcs to be Qi partﬁcles Alpna decays Wead-ng to the EQN
ground and first exc1ted states lie 1n51de the two bands on the rlgure Tuese bands

'..are estaolﬁshed from the curve ngen by 5 body Alnematlcs adJusted for finite

°counter geometry, ene gy losses 1n tbe tarset and electronlc resolutlon. ( vents S
corres*o dwng to energv losses of ress than l 8 MeV in the AE aetector are p obablyflg'”
o

f e tr lh uon co ences. ) . sh the -'a" ising from : -
du to r on ro ence Wl ure 2b rows r array arising ’ror rwton

. P




s

coincidences wi dent i d protons in system 3. The bands encompass decays.: .
to the ground and first exci ted states of “Na. -

A trlton 81ngles s*oectrurr is shown at tne top of Fig. 2c;'the resolu—.“;g'

tlon (rdHM) 01 the 2 peak is. aboat 180 AeV Below *hls spectrum are dlSpWayed :

<

"Tprogectlons of bands From three of - the c01nc1dence arrays onto tne trlton ax1s.f;ﬁ-f?-

lThe 93Na ground and O Lh MeV state nrojections contain data from systems 2 and.
| 3; data for the other 23Na levels come only from systen 2. The eoNe ; a‘data
'are ob aln_d 10rom system 5 | | o
Counts attributed to the decav of the T=2 state were obtained by snmming
_the projected spectra over the a-prop iate triton energies and subtractingiA) tne7;
d‘chance background and B):the hreal" continuum background. The continuum was
v assnmed“smooth; and was calcuiated by'interpolating the projected count 1eyel_.
averaged over_15 channeision both sides.of the;T;E peak.v~fracti0nal decayawidths ';,
;for each observable ‘decay mode were ob awned by compar ing its net coincidenceJ |
counts to thevnumber predicted from the'triton singles data after transformingl
the 1sotrop1c decay of the T=2 state in the ghMg.c.m.”system to the_iaboratory;
vassumlng 100 per cent decay via that oartlcuWar mode..;xt | |
. 23

The sum of all rractlonal w1d ths ror decay bO the six rowest Na levels

1and thevlovest two levels of eoNe is 1;50 + 0.20.‘ This sum should be < 1. O
;.although'the discre?ancy is outside one standardvdeV1atlon; it is cons1dered-

to be statistical. There is,'ofycoursey;no way_to:oelcertain that:a snalldstate
~does notviie nnderneatnvthevTée_statel? and; perhaps-vdecaybanisotropicaiiyalcd
;‘further from the nature of the orogected data in Fig. 2c,ﬁsncn‘a.stateﬂwould S
t.more p“obably/ ecay;v'Howeyer, 51nce the magor peaks 1n the progected spectrai‘”

,assocwaved wltn tle T=2 decays center prec1sely about tne re_evant “1 oaveneréy




"and since the triton singles peak shape coupledfwith an absolute cbmparisoh-df : :
i 6,24 26, 3 2k . SRR 13
~ the 26Mg(p,t)2,Mg(T=2) with the hg(p,?He) Ia(T=2) angular distribution datali___ .

_'ihpliés.<_10 per gént "contamination", we consider‘a“signifiéantvcontributibﬁ'

 from suﬁh a smell state to be‘iﬁprobébie, In any éVeh#;_no.sﬁcﬁ:yfbbiém éould';j:s

‘?l;ffé¢£>£ﬁe coﬁelﬁsioé thatvthe majorAdecéY-deA of the QlMé‘T?Q'étafe s via
?fotog décay'to tﬁe'25Né gisl Figﬁre'la presents the obéeﬁyeq daﬁé én-thé'decéy '
of the T-2 state. | - R | ”

- Sincé.the_Sum 6fAtée Qbséryed 2hMg_T=2 fractibnél particlé-decay wiaths';-

is equaltfo 1.50 * 0.20, tﬁ?'isospin—allowed éammé ﬁidth iusﬁ be relatively.qﬁite.'

t;éméll. 'Aftéf correcting for _pe‘netrab:'Llities,ll\t the dimensionless‘a—parficle'l
reduced widtﬁ for decay to the ?ONe 1.63 MeV-State; :eqﬁiring NT=2, is ébéﬁt

- half the proton + 23Né g-s. width '(Ale or 2). Alphé-particle widths are -
expectedito be particularly interesting from the point of view of isospin mixing;
becausetin first brder_éhly the iso-tensor part df the chéréevdépenaent perfurbéf>
tién cén mix I=C amplitude into the T=2 states of igzo'nuclei (compare‘Ref.bl5):
By contrast, isospin-fcrbiddenzaecéys of T=3/2 ;tates may result frpm‘both the
isq—yector ahd thé iéo-tensorvpart of fhe chérge de?endentiinteractioh. |

The presént experimenf does ndt yield information_on_the absolute width

of.tﬁis euMg T=2 state;vfurther,'some uﬁcértéiﬂﬁy in;thevfelétiQe ﬁidfhs resulté

25

© from the continuum underneath the state. However, since the proton + “Na g.s. -

' width is approximately 60 per cent of the total width, it should in Ffact be

" possible for compound resonance experiments to provide more detailed datz on the

"properties of this T=2 state.
. Wé.wish to acknowledge several valuable discussions with Professor Gerald .. =

2. Garvey.
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cleznly observed in system 2 due to the'AE counter thickness. The fewer o
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Although angular momentum statlstlcal factors sig nlflcanulv aid the observa—>

‘tion of & T=3/2 state in a_]TZ|=1/2 nucleus compafed to the lowest T=2 state
in a,TZ=O nﬁeleus, it is interesting to note that, in general, resonance

studies of the latter require lower proton energies which may encourage

their'investigation,ﬁ,,
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- Flg 1 (a) Level d;ag am showinv the | Mg, 15 h3 MGV OL T=2 state;and its

00551b1e partlcle deCay ‘modes. Observed nsitlons are 1nalcated w1th

K 7% afroﬁs; along w1th tnelr perceﬁtage oraﬁchlnc raulOS. (b) Schematlc f
;:';2.reoresentatlon of fbe”exberlmental.eeﬁup eeoﬁlngvfhe arrangOTenf ‘of the
three telescopes ane targeu‘;lth resneCuvto the 1ncident oeam. Thlck- '
lnesses 0'P the phosphovous dlffused or llthlum drlfted sillcon de+ectors E
_ 'f'ere indicated. - | | e
'Fig;1 (a) A fwo almeeewone1.spectrum ofvlna1v1dual‘events of urltons from
. s&stemvl in c01nc1dence Wloh Dartlcles stopplng in the AE detector of
v.f system 5 (b) A th alﬂenclenal spectrum of 1nd1v1daal events of teltons :
rulfrom system l in c01nC1dence w1th Drotons from sySueﬁ g.b The- pronounced:;

3l\Ta. g.5.

peak ﬂorresponas to decays from uhe Mg T=2 staue to the
v,(c)_'The'upper spectrum presents the triton singles data. The lower spectra

are projections of the bands in the coincidence data onto the triton axis;

ithe3arrows in these spectra indicate the'energy cutoffs_requifed by kine- -

matics. -
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