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~ ABSTRACT
S U ST ST .28, . 28
The excitation energies of the lowest O T=2 states in ~~Si and Al
o ' have been measured using (p,t) and (p,3He) reactions on S°Si. The isospin-
forbidden particle decay modes of the ZSSi analogue state haveAbeen:inveStigated;b-

AT=2 alpha emission to the 2)#M_g ground state predominates.

In the past several years the lowest T—Z 1sobar1c analogue states in

1)

a nnmber of T -0 or 1 llght nucleldes ‘have been located

2,3)

-These states

- ‘were flrst observed us1ng two—nucleon transfer reactlons and later, in

4,5)

several-instances ' 7 Tas 1sosp1n—forb1dden compound—nucleus resonances. Since

the states have no avallable 1sosp1n—allowed partlcle decay modes, the1r

widthS'are expected,tO'be relatlveLy small and all available data are con-

s1stent w1th thls expectatlon, the w1dths belng less than the experlmental

'resolutlon in the transfer reactlon studles (upper llmlts about 20 to 80 keV)

B s 'and less tHan 2.5vkeV_for the'states in ;Ne whlch were

'observed'nsing”resonanceltechniQues. In- general the T=2 states of T =0

‘nucleides lle at least 3 5 MeV above proton or alpha partlcle (1sosp1n—
'~forb1dden) decay thresholds, these narrow w1dths lmply that charge dependent

'1nteract1ons.only sllghtly:perturb the I&d wave functlons, Studles of" the
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partial widths for both particle and gamma decay provide information about the
components of wave functions admixed by these interactions either into the
T=2 states or the residual states formed by the.decay process.. The results
can reflect directly upon the character of the charge-dependent forces'
themselves. |
This‘letter reports the measurement of the exc1tat10ns of the lowest

T-2 states in 2881 and 8Al utlllzlng the 30g4 (p,t) Sl'and ? Si (p,3He)

28Al reactions. These states nave spln-parlty O ‘and are analogues of the

28Mg ground state.. In. addltlon, by examlnlng c01nc1dences between trltons

forming the 288i =2 state, ‘and protons or alpha‘partlcles‘from its decay,
" the. decay branchlng ratios to Al'(Amﬁl or 2) and zuMg (AJEZ).states have
been determlned. A prev1ously reported6) attempt to populate'this‘ZBSi

PO ‘ . 27

state viarproton scatterlng on “'Al was unsuccessful although tentatlve

26 Mg (3He n) “

ev1dence for its observatlon at 15 l3'*0 020 Mer1a the
reaction has been reported .7 » . | ’
lrlton and 3He energy spectra at angles from lh to 36 degrees (lab)
'Were obtained with the’ 46 MeV proton beam of the Berkeley 88-1inch cyclotron
bombardlng a 420 u g/cm evaporated 3111con foil enrlched to 89% Sl,
vStandard technlques were followed in® these measurements.2>-;The_001ncidence
_data were collected-with’three telescopes - a triton telescopeland two.ﬁdecay”
- telescopes. Each teleSCOpe con51sted of AR, E and E—reaeﬂt s1llcon detectors
(the last belng used to reJect partlcles that passed through the E counter)
‘and fed electronlcs built around Gould1ng—Land1s8) partlcle—ldentlfier
systems. The trlton telescope, subtendlng 9 2 X lO -h sr, uas positloned_at

+22 degrees, the second max imum in the L:O angular dlstrlbutlon to the
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analogue state. Fast-slow coincidences were required between tritons in this

telescope and either identified protons or particles stopping in the AF

 counters (50p ‘thick) of either decay telescope. The latter telescopes were

positioned at -90 and -125 degrees and subtended about 1.3 X 1072 sr. Energy

vsignalsifrom all free triton events tOgetherQWith coincident events and their

associatedvlogic'Signals Were fed'to a multiplexer—analog~to—digital-converter'

and, subsequently, into'anfoneline'computer.

The triton energy-spectrum Shown at'the top of fig: 1 was accumulated

"durlng the c01n01dence experlment but is representatlve of the region of

hlgher exc1tat10n 1n the spectra obtalned durlng the earl1er angular dlstrlbutlon

measurements. The promlnent peak located at 15 206 1 0.025 MeV in 2881 is

identified as the lowest 07, T2 state, the e data9) yield the'28Al

analogue exc1tat10n as: 5 983 0. 025 MeV. ‘These excitations were established
u51ng known Qrvalues of'l60'and 12 C target-contaminant”reactions'and agreed

with Coulomb predictions. The ot spln—parlty as51gnment is based ‘on the

' angular dlstrlbutlon shapes belng characterlstlc of ‘1=0 angular momentum
' transfer. 2,9) ‘The 1sosp1n ass1gnment is based further on the 2881, 28Al

cross section ratios. If the charge—dependent forces are weak this ratlo

depends only on isospin Clebsch—Gordan coupl1ng coeff1c1ents and momentuim

_ factors, and,agrees w1th our’ eXperlmental results. The total'w1dths of both :

states are negllglble compared with the lOO keV (tr1ton) and 125 keV (3He)

-experrmental resolutlons..
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Tne coincidence data, displayed as two—dimenslonal energy spectra,
exhibited'eyents distributed aloné oands determined by the three—particle
final-state kinematics. Final states including both the 27Al ground state - Y
and (0.84% +.1.01) MeV states (the latter two being unresolved) were evident |
in the trlton—proton arrays. 001nc1dent events Wlth more “than 2 MeV energy
loss in the AE decay cou%ters could_unambiguously beaidentifled asvalpha
particles. These alpha}pafticle events fell aloné'bands in theﬁtritOneAE '
arrays which corresponded £6 the 2_uMg ground state and 1,37 MeV state.

* The Zero spln of the T2 state 1nsured 1sotrop1c partlcle decay
in_the 2881 recoil coordlnate system, thus, decay propertles could be ascertained
without angular_correlatron measurements. Indeed,vtwo decay telescopes were
necessary prlmarily:as.a»means'to.increase the data acquisitlon ratei' Never-;'
theless, because of the low tritonrcrossesectiOn for'populatingvthef T=2
state (~ éoub/sr).and a-countiné—rate limit of'about 30,000 cps in the decay
A counters; oniy.about 3.2*eéénté per hour assoclated Witn:the decay of this
"stateiuereerecorded. | L |

| Events.ljing.along different kinehatic.bands Were."projected" onto
_the triton energy aris and the,sumned projections from both decay_teleSCOPes
‘are»shown in the lower portiOn of'fig. l ~ The net counts attrlbuted to the
lvarious =2 decay modes were found by summlng the progected spectra over the
energy,interval contalnlng the T=2 triton peak-as determlned_from the-s1nglesv
spectrum at tne top of the figure? and subtractlngr 1) the "real tﬁreef . . Q/
particle‘continuum background;and, 2) tne ”chance" Background; The formerf
was assumed to vary smoothly over the T=2 energy.interval and ‘hence,vwas

’,calculated by 1nterpolat1ng the background helght on either side of this -

interval. ~The chance background was calculated in the usual way from the r
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known.singles counting rates. Both background subtractions were small compared

to the strong alpha + 2,+Mg grOund-state'transition;‘the real and‘chance back-

grounds accounted for 7 and 1. 8 counts, respectlvely, compared to a total of

102 observed events.
Flnally, branchlng ratlos were found by comparlng the net c01nc1dence
events in the varlous proaectlons to the number predlcted from the trlton

singles counts,.decay‘telescope geometries, and the Jacoblan relatlng the

laboratory and 28Slirecml coordlnates. ' The sumiof branching ratios to the

c three lowest 7Al states and the lowest two states of l‘LMg was 89.1 f 15.7%.

Thlsvsum was expected'to be near lOO%vfor two reasons. First;’previous

resultsyo) on the lowest T~2 states of uMg and ONe indicated that the

'partlal w1dths for partlcle decay account for most of the decay strength

the_total width of the vONe state,ls about 2 kth) whereasvtyplcalvlsospln—

_allowed‘ga'imr'ia transition widths are of the order of 100 times smaller than

this. Second energetlcally allowed partlcle trans1t10ns to most hlgher

27Al or 2)"Mg whlch could not be studled in . the present experlment

11)

states of

would populate res1dual states hav1ng 1ntr1ns1c structures s1mllar - to

Vthe observed lower-lylng states, such trans1tlons would therefore be

31gn1f1cantly retarded»because of-decreas1ng'barr1er penetratlon factors.

_Flgure 2. summarlzes the present results. The summed'branching ratios have-

been- renormallzed to lOO% for clarlty, it is not 1mp11ed that gamma, decays

or unobserved partlcle decays could not make small contrlbutlons to the total

l .
w1dth ClearLy, alpha em1351on to the uMg ground state domlnates the decay

' strength As an addltlonal check the ratio of branchlng ratlos for this

"trans1tlon derlved 1ndependently from both decay telescopes - separated by
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35 degrees —.is_l.08 ¥ 0.23 which is consistent with the required isotropic
decay of spin-zero states. |

In sélf-conjugate nucléi, AiEZ isospin impurities (necessary to ' %
explain alpha emission) cah arisé onl& from the isotensor compoﬁeﬁtvof |

10)

charge-dependent interactions. ‘The contrast with the T=2 state in 2hMg
L proton emission

which decays principally bl is striking, and an attempt

to understand the decay properties ih terms of édﬁixfureé.of specific two-
parﬁicle, twofhole states in fhese nuclei is Being underﬁékén. it.would
'Certainlyvstill bevof interest to have iﬁfdrmation on the abéolute»widthv

and other properties of this  TEé state which caﬁ be obtained using compound‘
nucleus feéonance techniqueéi However, frombfhe preseﬁt results, it is | |
apparenﬁ.that the'most fruitfui.apbroaqh would'be,ih.séarchiﬁg.foi

| 2l 27

I=0 (AT=2) o+ “'Mg resonances rather,than‘ I=2 (AT=1,2) p+ “'Al vesonances.

One of us (J.C.H.):gratefully acknOWledges a fellowship from the Miller

Institute for_BaSic Research in Sciénce.-
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FIGURE CAPTIONS
Fig. 1. The top spectrum presents the triton singles'déta containing ;vpeak
corrésponding to the lowest ZBSi T=é stéte’at 15.206 k3 O;b25 MeV. The
lower spectra are éumméd proﬁectioné frqm both-decay telescopes of gvents.
lying along kinematic bénds in thévcoincidehée data onto the triton éﬁergy
axis; the érrbﬁé.in thésevépectfé'ma¥kvthé energy cutoffs determined by

’

kinematics and detector thicknesses.

- Fig. 2. Energy level diagram shdwing the 28Si T=2~75tate and the various |

available proton or.alphé particlebiSOSpih-fdrbidden decay modes.._The
obserVed_transitions are'indicated by arroWSj the numbers are'fractional
branching ratios;ndrmaliZed to LQO% as discussed in the text. The energy-

lével data are‘taken from reference 11.
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