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ABS'l'?Jl.CT 

The sought, but previously lli~observed, isospin-forbidden particle-decay 

mod.es of a T=2 state in a T =0 nucleus have been determined by particle-particle z 

coincidence techniques. Proton decays (6T=1 or 2) and strong evidence for 

a-particle decays (6'1'=2) from the T=2 state were observed and show 

IT »T . 
particle ."/ 
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Even though the locations (and very large upper limits on the i-lidths) 

.. '1 2 
of many 0+, T=2 states in T =0 nuclei are }r..nown,) no further information on 

.z 

their properties is available . Since in gene!'al no T=2 particle-decay ehar..nels 

are open for these T=2 states, they are expected to be relatively sharp. Tneir 

.'. isospin·forbidden particle. decays are of particular interest since they provide 

. a sensitive measure of the isospin impurity admixed into these states by charge' 

dependent forces (Coulomb ~lUS nuclear).' Although attempts fo determine the. 

particle-decay properties and total widths of these states through their observa-

tion as "twice T-forbidden!l" co:npound nucleus resonances in proton scattering have 

been made-a technique successfully applied.to T=3/2 states3,4;-sOlelY negative 

'6 
results were obtained.3 ,5, , - .... / 

In order to be certain that a typical T=2 state does indeed possess a 

total particle width comparable to its ga!11.ma width (IT t' l' >-r )) and to . . . par l c e-v)' 

sufficiently establish its decay properties to ascertain whether its exploration 

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

decay of the 24Mg, Or, T=2 state populated in the isospin-allm-led 26Mg (p,t)24Mg 

reaction has been investigated. This particular T=2. state i-las chosen since 

previous searches for it in resonance experimentsYlere unsuccessfu13 ,6 and 

since its 1m. proton-decay energy makes it accessible to standard electrostatic 

accelerators. 

. 7 24 
Figure la ShQ"',.lS all the probable decay mo~es open to the J.1g T=2 state. 

Utilizing the 42.1 ~,feV llroton beam of the Berkeley 88- inch cyclotron, we have 

measured coincidences bet,·]een tritons forming this state at 15.43±0.07 MeV excita-

,tion and decay protons[E (lab) = 3.9.1vIeV-] or a-particles [E (lab) = 6.1 MeY] 
. max . ' max. 

. leading to the 2\~a: or 20Ne levels indicated by hea"q lines in the figure. Figure ..... 

. :~ ': ... 
. ~: ' .." ,..' ~. ::' .,' .~ .,';' 
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1"8 presents the layout of the three, tnxee-counter telescopes which -vleree!:1ployed;' 

E-reject detectoi~s \~ere used to reduce background. Tritons leading to. the T=2 state 

. i-Jere· identified
8 

in system 1 placed at the L=O peak angle of 22.4 .deg lab ~ . Fast 

and slovl coincidences 'Here required bet-,Jeen tritons and A)· identified protons in 

system 2 or 3 or identified a-particles in system 2 (solid angles of 3.5 X 10-3sr) 

or' B) particles ~to;pping in the ~ detector of system 3 (solid angle of 8.0 X 10 -~ 5r). 

Because of the s~all solid angles or" systems 2 and 3 arising from the need for par-·· 

ticle i~entification,the low. cross section,for tritons populating the·T=:;2 state 

(dcr/d.</~lOO Ilb/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 this state i-iaS obtainable. Forty hours of coincidence data 

were recorded in four 512 x 512 arrays on magnetic tape utilizing an on-line 

PDP-:5 computer while the clh'lmlative triton singles data were stored in a 1024 

channel pulse-height analyzer. The spin-zero property of theT=2· state (r05 kev9) 

guaranteed an isotropic decay with respect to 
24 . 

the Mg c .m. system-thus detailed 

angular <;!orrelation measurements i-lere not required to extract decay widths .. 

Data from several coincidence arrays are presented in Fig. 2. Part 2a 

shows the triton coincidences with particles. stopping in the 6E detector of· . . . . 

system 3; coincident particles .... lhich lost more than 1.8 MeV in this detector 

were required by kinematics to be a-particles . Alpha decays leading to the 20Ue 

ground and first excited sta:tes lie inside the two ba..l1ds on the 'figure. These. bands 

are established from the curve given by 3-body kinematics adjusted for finite 
. . . \ 

/. 

. counter geo!Tietry.J energy losses in the target and electronic resolution. (Events 

correspo:qding to energy losses. of less. than 1.8 MeY.in the 6E detector are probably 

. due to triton"7proton~oincidenc~s.) . Figure'.2b. shows· the ,array arising· fro!:1 triton '-- . 
"'.-' ;". ~'. " 

~."'~ .... ... ' " . ..;,.- ... , .... . ... " " 
.". ' . 
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coincidences -.lith identified protons in system 3. The bands encompass decays 

to the ground and fi;st excited states of 23Na .. . " 
A triton singles spectrum is shmm at the top of Fig; 2c; the resolu-

tion (Fi'IHM) of the T=2 peak is about' 180 .keV. Belml this spectrum are displayed 

. projections of bands from three of the coincidence arrays onto.the triton axis • 

. The 23J1Ta ground and 0 .. 44 MeV stat~ projections contain data from systems 2 and·' 

23 20 
3; data for the other Na levels come only from system. 2. The Ne + a data 

. . 10 
are obtalDe d from sys tem 3. 

Counts attributed to the decay of the T=2 state were obtained by summing 

the projected spectra over the appropria.te triton energies and ~ubtractingA) the 

chance backg:"ound and B) the "real" continuwn background. The continuum was 

assumed smooth, and was calculated by interpolating the projected count level 

averaged over 15 channels on both sides of the; T=2 peak .. Fractional decaYi-lidths 

for each observable decay mode were obtained by comI'.aring its net coincidence 

counts to the mUl1ber predicted from the triton singles data after transforming
1l 

the isotropic decay of the T=2'state in the 24Mg c.m. system to the laboratory, 

assu..'ning 100 per cent decay via that particular mode. 

. 23 
The Sli.'!l of all fractional widths for decay to the six lo'west· Na levels 

and the lm,lest two levels of 20Ne is 1.3
0 

± 0.2
0

, This sU.'!l should be S 1.0; 

although the discrepancy isoutsi·ie one standard deviation, it is considered 

to be statistical. There is) of course, no i-Iay to be certain that a small state 

12 . 
does not lie underneath the T';'2 state . and, perhaps, decay anisotr?pically • 

. Further, from the nature of the projected data in Fig. 2c, such .a state would 

more p:::,obably a-decay. Ho,o/ever, since the major peaks in the projected spectra 

, associated '.-lith the 
. ,.... . 

. ,.:", 

;"- .:. , 

'." -: . 

T=2 decays center precisely about the rele-vant t:::,iton energy 

:": . 1"',-

.f:t :~ '. " 
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and since the triton singles peak shape coupled '.Ii th an absoiute co!:!parison of 

the 26~g(p,'t)24Hg(T=2) with the .26r.rg(p,3He)24Ha(T=2) angular distribution d~ta13 
o 1 < 10 ..L n J... • J... • rr • , •• J:I • ""'- t o'b .L. 0 . l.mp ies , per cen", can ",amlna ",lon J we conSlaer a slgnlJ. lcan ",con rl U",1.on 

,from such a small state to be improbable. In any event, no, such problem could 
, "24 

affect the conclusion that the major, decaymod r of the MgT=2state is via 

proto~ d~cay to the 23Na g. s. Figure' le: presents the observed data on, the decay 

of the T=2 state. 

Since the su.rn of the observed 24Mg T=2 fractional particle-decay widths 

.. ' .. '-. 

is e~ual to 1. 30 ± 0020 , trr{~ 

small. After correcting for 

isospin-allowed ga~@a width must be relatively quite 

. . bOl°.L. 0 14 th - 0 0, to 1 
pene~ra 1. 1.",leS, e QlmenSlon_ess a-par l.C e 

20 
reduced width for decay to the Ne 1.63 MeV state, requiring .6.T=2, is about 

23 ' ' 
half the proton + Na goso width (.6.T=l or 2). Alpha-particle widths are' 

expected to be particularly interesting from the point of vie'\oJ of isospin mixing 

because in first order only the iso-tensor part of the charge dependent perturba

tion can mix T=O amplitude into the T=2 states of T =0 nuclei (compare Ref. 15). z 

By contrast, isospin-forbidden decays of T=3/2 states may result from both the 

iso-vector and the iso-tensor part of the charge dependent interaction. 

The present experiment does not yield informati,onon the absolute width 

of this 
24 " 

Mg T=2 state; further} some uncertainty in the relative '\oiidths results 

from the continuum underneath the state. 23 HO'lolever} since the proton + Na g. s. 

width is approximately 60 per cent of the total width} it should in fact be 

possible for compound resonance eA~eriments to provide more detailed data on the 

16 
properties of this T=2 state. 

We wish to ackno-dedge several valua-ole diSCUssions with Professor Gerald 

T~ Garvey." 
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Although angular momentu..'Tl statistical factors significantly aid the observa-

tion of a T=3/2 state in a I T I =1/2 nucleus compa~ed to the 1m-lest T=2 state , z 

in a.Tz=O nucleus, it is interesting to note that, in general, resonance 

studies of the latter re~uire lower proton energies which may encourage 

their investigation . 
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FIQ1.JRE CA-'PTIONS 
.,. 

Fig. 1; (a)' Level diagram shm.;ing the 2\"lg} 15.43 MeV} O+} T=2 state, a..'1d its 

, possible ps.rticle-decay modes.. Observed transitions are indicated with 
. .....' . . .:" . .. . ". 

arroYls}: along withthe1rpercentage branching ratios. (b) Schematic 
, . 

reoresEmtation of the experimental setup showing the arrangement of the ...• 
~ . . '.. - . 

three telescopes and ts.rget vii th respect to the incide..'1tbeam.Thick-

nesses of the phosphorous-diffused or lithiQ~-drifted silicon detectors 

. are indicated .. 

Fig. 2 .. (a) A two-dimensions.l spectrum of individual events of tritons. from 

'.' 
"-.' ,. 

". " .. 

system 1 in coincidence with particles stopping in the 6E detector of. 

system 3. (b) A ti-lO-dimensional spectrum of individual events of tritons 

from system 1 in coincidence' "With protons from' system 3. The pronounced 

.' 24 23 
peak corresponds to decays from the gg T=2 state to the Na g.s. 

(c) The upper spectrum presents the triton sirigles data. The lOi-ler spectra 

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

. the arrows in these spectra indicate the energy cutoffs required by kine-

matics. 
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