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ABSTRACT

21
("F, 2lNe,

Low-lying T '= 3/2 levels of the mass 21 isospin quartet

2 2 - |
lNa and lMg) and of three members of the mass 37 quartet (37Ar, 37K and -

37Ca) have been investigated. An improved particle-identification system

which employs two transmission (AE). and one stopping (E) detector and permits

the measurement of low-yleld nuclear reactions was used to determine the

37

masses of the T, = -3/2 nuclei ZlMg and ~'Ca via the (3He,6He)’reaction on

ZAMg and.uOCa at E3 = 56 MeV. Complete experimental procedures followed
He : :

in these three-neutron transfer investigations are discussed. The first

three T = 3/2‘levels'in lee were established by a simultaneous study of

22

the Né(d,t)ZlNe and 22Né(d,3He)ZlF reactions at 39.6 MeV, while the

2 2 v '
3Na(p,t) lNa reaction 'at 42 MeV was utilized to observe the lowest T = 3/2

37K and

Ar were determined via the 39K(p,t)37K and 39K(p,3He)37Ar reactions in-

duced by L45-MeV pfotons. Data from the complete quartets were used to test

. the isobaric multiplet mass equation and the various predlctions of masses

of neutron-deficient nuclei.

)



-1 | UCRL-17693
I. INTRODUCTION
The measurement of masses of nuclel far from stability enables one
to evaluate the various theoretical approaches toward prediction of the
limits of particle stability; recenf theories of interest include those

3

of Goidansky,l Jéinecke,2 and Kelson and Garvey. In additlon, mass meas-.
urements; in chjﬁnction with other data, permlt a further study of the
isobaric mul%iplet mass equa’cionlL (IMME): M(A,T;TZ) = a(A,T) +'P(A’T)Tz
+ E(A,T)Ti. Since this equation relating the masses of members of an
isospin multiplet possesses three coefficients, its validity can be inde-
pendently chgcked only if four or more members of such a multiplet with
T > 3/2 are known.

We wish to report the completion of the mass_2l aﬁd mass 37 lsospin
quartets. Although the pre?ious investigations of complefe 1lsospin quar-

5)6 7)

tets (masses 9 and 13') have shown very good first order agreement with

the IMME, a test among isobars possessing significaﬂtly greater Coulomb
energy seemed desirable.

Although one- and two-nucieon transfer reaction investigations quite

readily locate the T = 3/2 states in T, = -1/2 and +1/2 nuclei, and the
masses of the TZ = +3/2 nuclel are generally known, in order to complete
the quartets it has been necessary to employ.the three-neutron transfer

6
reaction (3He, He) to measure the masses of Tz = -3/2 nuclei. The earlier

l.2(3(‘°’He,,6He)9C and l60(3He,6He)l3 2,1

0 reactions

3

reported measurements of the

utilized a standard particle identifie‘r,8 but due to the low ( He,6He) cross

sections (<1 ub/sr (lab) for A>16), an improved particle-identification
system employing two transmission AE detectors and an E detector was devel-

oped.9 This new system permitted the measurement of'the masses of 2lMg and

37 3 37

2 6 .21 L 6
Ca via the kMg(3He, He) "Mg and OCa( He, He)” 'Ca reactions. Excited
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37

levels of both ZlMg and ~'Ca were also observed in these experiments.

The mass 21 ground-state analogue levels were studled through the

3 )21 22

220 (a, 1e) My, “Pre(d,t)? e and Pwa(p,t)?!Ne reactions, while the

lowest T = 3/2 levels in 37K and 37Ar were established by the 39K(p,t)37K

and 39K(p,3He)37Ar reactions.

IT. EXPERIMENTAL PROCEDURE
These experiments were carried out usihg'the external'beam facilities

of the Berkeley 88-inch, variable-energy cyclotron.

A. Beam Optics and General Cave Layout

Figure 1 shows the layout of the 88-inch cyclotron experimental area
that was used in these studies. The beam was extracted from the cyclotron
at a radius of 3§.3 inches by means of a tungsten septum and an electro-
static deflec£or. After the beam passed through a radial collimator, a
qgadrupole doublef and a vertical collimator, .it entered a beam analysis
magnet where it was deflected toward the experimental cave. Another quad~
rupole lens was required to broduce a further radial focus at the analyzing
slit. The expected energy resolution after analysis was 0.14%. The beam
was then focused to a spot typically 0.06.inch wide by 0.10 inch high in
the center of a 20-inch scattering chamber by means of two additional quad-
“rupole doublets; essentialiy only clean-up collimation was employed between
the analysis slit and the target. Beam intensities used in these experiments
varied from 50 - 800 nA, depending on the scattering angle and the reaction
being studied. The accumulated beam was measured with a Faraday cup and an
integrating electrométer..

The angle at which the beam passed through the center of the scattering

chamber was determined by observing via remote television its impact on
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luminous foils placed at the center of the éhamber‘and 28 inches downstream.

Further downstream was a foil-wheel’éssembly consisting of five independently
rotating, 10-position metal wheélé that containéd varying thicknesses of
aluminum. These foil wheels were used in conjunction with the Faraday cup
and electrometer to measure the beam range.

The scattering chamber had two indepeﬁdently'moveable turrets with
counter axes that were elther 10 deg above or beloﬁ'the'median,plane, s0 that
scattering ahgles from 10 -~ 170 deg were obéervable. Counter assemblies |
were located Jjust outside the'scéttering chamber and could be isolated from
it by a vacuum valve. Rectanéular tantaluh collimators with approximate
dimensions of 0.085 inch wide by 0.200 inch high were used and were located
approximately 18.9 incheg from the chamber center, gi&ing an éngular resolu-
tion (radial) of 0.26 deg and a solid angle o'f.5><lO-5 sr. The counter
assembly could be rotated symmetrically about its axis so that the vertical

collimator height was always perpendicular to the scattering plane. When a

gas target was used, an additional set of collimators (radial only) was

_attached to the counter assembly at a distance of 4,3 inches from the chamber

center. A counter which monitored the beam energy was located in one of the
viewing ports of the center stationary section of the scattering chamber.

This counter was in the median plane at a scéttering angle of 27.5 deg and

was collimated so that it subtended approximately the same solid angle as

the counter telescope systems. -

A target gas cell 3.0 inches in diameter by 1.25 inches in height and

' R 1 2
with a 315 deg continuous window made of 0.1 mil Havar foil 0 (2.11 mg/cm )

. : 1 ' 2
was employed when necessary. Neon gas enriched 1 to 91.3% 22Ne (8.2% ONe

v o _
and 0.5% 21Ne) for the study of the 22Ne(d,t) We ana 22Ne(d,3He)21F reac-

tions was contained in this cell at a pressure of 21 cm of Hg as measured
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by a mercury manometer. A Toepler pump was used to recover the enriched

neon after the experiment had been completed.

B. Procedure For High-Yield Nuclear Reactions

High-yield nuclear reactions (do/a>>1 ub/sr) were investigated util-

izing two power-law type particle identifier38 fed by two independent AE-

E silicon détector telescopes; a schematic diagrémlof“ one of these two systems is

éhown in Fig. 2. The AE detectors:were 5.6 mil phosphorus~-diffused silicon
transmission counters, whereas the 120 mil E detectors, the 20 mil rejection
detectors, and the various monitor detectors were all lithium-drifted silicon
counters. Signals from the rejection detectors were used in anti-coincidence
with those from the AE - Eptelescope to eliminate particles trgversing the
 first two counters. Each detector was connected by a éhort length of low-
capacity cable to the input of a fast rise~-time (<10 nsec) charge-sensitive

. preamplifier, and via a 10 MQ resistor to the biés supply. The.preamplifiers
were connected by aBout 150 feet of 125 0 cable to the counting area where
the signals were fed into delay-line shaped linear amplifiers. After coin-
cidence reéuirements in the respective AE and E amplifiers were met, the
amplified signals wereAsént to the particle identifiers. The function of
these particle iaentifiers has.been discussed in detail in Ref. 8; they work
on the basis of an empirical range-energy felationship for light particles,
namely R = gEl'73, where R is the range‘of'the particle, E is its energy,
and a 1is a~proportionality eonstant characterisﬁic of the particle. A typical
identifier spectrum is shqyn’ih Fig. 3. Pgrticle—identifier pulses were fed
into two four—chapnel routers where single-channel analyzers were set around

the 1, 3He, and a'peaKS‘(the fourth channel was a narrow one centered about

the deuteron-triton valley to make certain no tritons were lost). The energy

i m e e s s e A it
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spectrum of a givén particle was then rdutéd into one of the four 1024-channel
memory units of a 4096-channel'pulse-height analyZer; data from the second
counter teleécope were reco;ded in an on-line compufer which sérved as é
second 4096-channel aﬁalyzer.»

The 22Ne(d,t)ZlNe and 22Ne(d,3He)21f’ feactions were carriled out with a
39.6-MeV deuteron beam. Angulér distributions of reaétion products from
11.6 to 41.0 deg. were obtained. The 23Na(p,£)21Na'and ?3Na(p,3He)21Ne
reactions were studied at 42 MeV over an anéular rangé of 11.4 to k0.0
deg. An evaporated; self-supportingvsodium foil approximately 1 mg/cm2
thick Was transferred to the scatteriﬁg‘chamber in an inert‘atmosphere,
but this target oxidized to such an extent that energy levels over 11.0
MeV éxcitation in ?lNa and over 6 MeV excitation in ZlN’e'were not observed
due to very strong contaminaﬁt peaks. | |

The 39K(§,t)37K and 39K(p,3He)37Ar feactioﬁé were studied at a proton
energy of 45 MeV. The target was an evaporated, self-supporting natural
potassium foil 0.8 mg/cm2 thick that was allowed £o oxidize slowly before
being transferred to the sqattering chamber. A small carbon impurity was

also found in the target; the impuritiesipfovided convenient internal

calibration points. An angular range from 14.1 to 28.0 deg was studied.

C. Procedure For Low-Yiéld Nuclear Reactions

" Although the earlier (3He,6He) experiments,’7 (do/d@.(lab) ~ 1 -k wb/sr)
employed the particlé identifier described above,.thevpresence of a relatively
ﬁigh background inAthe 6He region of the identifier spectra complicated the
measurements. This backgroﬁnd arose primarily from rare events in which a

few of the large number of alpha-particles stopping in the counter telescope

dropped an abnormally large amount of energy in the AE detector {due to blocking,
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Landau tail, "nuclear reactions,"”

ete.), eausing their idehtification sighali
to be significantly higher then normal. When surVey experiments on the
(BHe;6He) reaction oﬁ heavier‘targets’showed a decreasing cross’section, it
became_neeessary to develop an identification system which eliminated this
background. A schematic diagram of a ty@icel counter telescope and the

9

electronics for this improved particle-identifieation system” is shown in

Fig. 4. The cpunter teiescope was augmentedito incorporate two AE detectors
(denoted AE2 andAAEl) aﬁd an E.detecﬁor; pulses'in theee detectors were )
amplified aﬁd»fed to a fast;slow coincidence syétem with a fast—coincidence'
resolving time of 50 ﬁsee. If the coincidence requirements were met, these
three pulseé;wefe.éent.to the particle identifier aloné witﬁ timing>pﬁlses.
_The rejecﬁion deﬁectorhﬁerformed the‘same function as ﬁescfibed in the pre-~
ceding;section. “The triple-counter iaentifier prbdueed threeridentification )
pulses for each particle as schematically shown in Fig. 5; note that these
identification signals'ﬁere‘propOrtional'to the AEQ; AEL, and (AE2 + AEL)
detector thicknesses. The first two (A, B) of these signale (which were

both generated in ident; 1 on Fig. A) were then combared; if their ratio
agreed within ﬁrese@ limits, a linear gate‘was opened allowing the third
identification pulse (generated in'ident;-e on Fig. L) to emerge as the Quﬁ-
put of -the particle identifier. Since there was only'a very small chance
that both AE signals for a particular:event wQula deviate ﬁerkedly from
normal inithe same directidn-by'ebout the same émount, very few incorrect
identifications resulted after the comperisen-rejeetion process. Tests had‘
.shown that those particles which lost an abnermai amount of energy in a AE
"Adeteetor and were identified'improperly‘(predominantly filling the valleys of
the identifier'spectrﬁm) could'be'elimineted while 95 to 99 % of the total

~ counts were retained.

o A et e o ot
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The following data contrast the performance'of the standard and the

-

triple-counter identifier systems. First, Fig..6 shows>standard particle-

4 i ‘ : : C o 12 :
identifier spectra from the two-neutron pick-up reaction ~ C(x, He) C at

70 MeV with dc/dﬂg 5 ~ 20 -;MO‘ub7Sr and‘from'the three-neutron pick-up reaction

.lZC(BHe,6He)9C at 65 MeV with dc/dng .~ 1 = 4pb/sr. Although a 6He identi~

fication peak was resolved In the former experiment, the lower cross section
of the latter reaction was insufficient to cause a peak above the general

background'in this region of the identifier spectrum. Figure 7 is a He

. 2 .
energy spectrum from the = C(3He,6He)9C reaction5 using the standard par-

“ticle identifier and showing the presence of a large background. The im-

provement acquired with a'triple-counter‘particléfidentifier system is apparent

3

in Fig._8, vhich presents an identifier épectrum from 12C +'65—MeV He e

note particularly the greatly improved peak-to—vallcy ratios. Finally, Fig.

12 ,3.. 6

9 is a 6He energy spectrum from the Cc(~He, He)9C'réaction obtained using

the triple-counter pérticle—identification s&stem anc‘ShOWing essentially
no background. - |

' Prcvious experiments had shown that chaccé coincidences between two
pérficles "simultaneously" traversing the counter telescope were a significant

problem in the study of low-yield nuclear reactions (see Refs. 12 and 13) in

that some of these coincidences produced i@entifiCation'signals near those of

-the particles of interest. Even though a 50 nsec fast coincidencé was required

\

between the cross-over pickoff.signals‘from the three detectors, it was found

that two light particles of appropriate energiles traversing the detector

“telescope within a time At S 400 qgec,could satisfy the fast coincidence

feqpirements because the cross-over points of all three (pile-up) energy signals
were shifted in the same direction by'approkimately the same amount.. Note

Fig. 10(c), which shows a pulser-simulated-tfipleécounter particle-~ldentifier
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_ spectrum.for all the partlcle stable nuclides from 5He to 7Li, while Fig.
10(b) shows the pulser 51mulated particle 1dent1f1er pOSitions of various
e + light particle (p, 4, t, 5He, or hHe) chance coincidences, and’ Fig.

10(a) shows the.sémevfor various uHe*+ light particle.chance coincidences.

-The different particles shown in Fig. 10 were restricted to the same narrow
limits of energy that were allowed experimentally in the (BHe,6He) inveétiga—
tions using the particularvthree—counter teleecope.sncwn in Fig. 4. As under
our normal experimental conditions, a minimum ene;gy loés_of 5 MeV in tne E<4
detector was required. “The'silicon range—energy reiaticns that were necessary.
for-thése calcuiations and for.the_analyeis of tne eiperimental data were
coded at this lza.’taon."a;to:f"3r]'LL and agreed venyiwell with avallable eXperimental.

15 3

deta end prior  computations. ~ It isléppefent‘from Fig. 10 that a “He-d
chance coincidence can .very nearl& simulate a 6He-perticle and an O-d chance
coincidence can simulate a 8He-particle.” |
Table I is a list- of the calculated energy iosses of.vafious particlee'
in the three-counter’teiesccpe indicated, assuming no detector dead layers.

3

He-d chance coincidence are

3

Eneréy'losces for a 6He-particle and a‘typical
iisted in-the upper'pcftion of the table; althougn the
wonld be identified'just abovevthe,6He reéion'of the particle-identifier
spectfum (see-Fig; io), an anaiysis.of theAAEQ and AEi energy losses'would 
distinguish this chance coincidence event»from a 6He-particle. (See Sec. D
for a discussion of ‘this.procedure. ) Unfortunately, not all 3He—d chance

_ . 6
coincidences can be positively distinguished from He events, and these non-

o - . 6 . |
removable events appear as a background in the He energy spectra. Also

listed in the lower portion of Table I are the energy losses for a He-particle

and two sets of O-d c¢hance coincidences—all three events having the same

He-d coincidence event .

e
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total energy. The firs£ 0~-d chance coincidence has"éEZ and "AEL energy
losses such thét iticould not be distinguished from the 8He—particle (see
Fig. 10 and Refs. 12 and 13); whereas- the second o-4a chance eoiﬁcidence;
for‘%hich only the summed energy losses are glven, could be distinguished
from the 8He—perticle by an analysis of the AE2 and ARl e#e:gy losses.

Two approaches were followed in order 1o reduce these chance coincidences.

First, the pile-up rejector shown schematically in Fig. b4 was designed to

decrease the backgfound_due to chance eoihcidences. Using i1t, events which
consisted of two particles traversing the counter'telescope spaced in time
by > 47 nsec were rejedted——thus restricting all chance coincidence events

to those occurring in a single.cyclotronlbeam burst. The details of this

pile-up rejector are described in Ref. 9. Second, the AE2, ARL, (AE2 + AEL

T E=E l)’ and particle identifier'pﬁlses‘for each event in any desired

tota

region of the identifier spectrum were recorded in an on-line PDP-5 computer

via an eightAChannel pulse mﬁltiplexer andea.4096.channel ADC and were later
individually analyzed (see following section) using the known detector thick-
nesses and range;energy relations in silicon. 'This'prOCedure both rejected
some coincidence events and enabled us te attach a higher degree of relia-
bilify_to fhe "good" events. Aecurate aealysis of thesevrere events of interest
requlred two further procedures; First,_a menitor detector independently

3

measured the beam energy variation with time by recording the He elastic
scattering peak; Fig. 11l(a) is a time pldt of the 3He beam energy as followed
by the monitor detector. Second, the'computer stored a pulser-simulated 6He

event every 12 minutes to check the entire'system and provide an accurate

measure of electronic drifts during the long data-collection times necessary
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in the (BHe,6He) experiments; Fig. 11(b) shows the electronic stability of
the Etotal pulse from one triplchounter.particle-idéntification system

during a 45-hour cyclotron run.

i

Detector‘thicknesses in the triple-countef teiescopes were selected to
provide optimuﬁ opérétion only for the_?He-pafticles'and a few 6Li gfoups
,frdm the‘(BHe,éLi) reaction, which sefved as a caiibration reaction. Dif-
fused-junction Silicon transmission détéctors werevﬁsed (including the ré-
jectipn deﬁectprs) to obtain’minimum_detector window thicknesses. Each .
deteétbr was calibrated bj comparing a precisibn pulser with the energy
losses of O-particles from a ?lQPo - 212Bi naturalvOLsource.

Al.1 mg/¢m2 separgted-isofope 2LLMg foll was the target for the
6

24Mg(BHe, He)2lMg reéction, which was observed in two independeﬁt systems at )
identical scattering angles of ih{l deg; a l2—hpuf run at a béam intensiﬁy

of 400 nA was required; An evaporatéd naﬁural calciqm foil 0.75 mg/cm? thick ' 
v servéd as the uoCa target. It Qas tranéferred to the scattering chamber in |

16

‘an inert atmosphere but was found to contain small amounts of 12C and T 0

6

. impurities. The MOCa(BHe, He)570a reaction was studied simultaneously by
two independent triple-counter telescopes at identical scat%ering angles of
11.2 deg during a 45-hour period at & beam intensity.of 400 nA (some data

were also taken at scattering angles of 14.1 and 18.0 deg).
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6
D. Data Analysis Procedures For (3He, He) Reactions

As an example of our analysis procedures for these loW%yield reactions,

we will utilize the data from the hoc (3 )37Ca experiment since it had

6

He, He

a cbnsiderabiy lower cross section than the Mg(3He, He) Mg reaction.

Figure 12 presents a triple- -counter partlcle identifier spectrum from uoCa

3.3

3He -particles; the p051tlons of 3He—p, 3He-d, and “He~"He chance

3

+ 56-MeV
coincidences are indicated on the spectrum. The “He and uHe peak heights

in this spectrum are not representative since over 98% of these particles

.were rejected either by the rejection detector or by single Channel analyzers

which were set to pass only the 6He~and 6Li ions of interest_(thus recording
only 3H'e-particleé between 20.0 and 24.7.MeV and a-particles.between 22.3

. : 6 .
and 27.8 MeV). Each event in the "He region of the identifier spectrum

(and'including the 3He-p and 3He-d'cha.nce coincidence regions) was routed

to the on~line computer where 1ts AEB,‘AEl, B -and particle-identifier

total

signals were stored on magnetic tape.
In order to discriminate between good and‘bad events, a plot of the ARZ

and AEl energy losses versus Etotal for each event in the 6He region of the

identifier spectrum was made; such a plot for all "6He" events observed in

the System Two counter teleScope during the uOCa(sHe,6He)37Ca experiment is

_shown‘in Fig. 13. BEvents in which the AEZeand/Or~the'AEi energy loss deviated

A more than iS% from the smooth cdrves, which were calculated from the average

detector thicknesses, were rejected (these are the circled events and they =~
amount to about 20% of all the events) and were attributed primarily to
chance coincidences. Seme residual background duvue to non-rejectable coin-

cldences plus other rare events remains. The peak near E channel 2160

total
"8 (3re, bae) 37

corresponds to the He, He Ca ground-state transition and the peak

37

near channel 2040 corresponds to a transition to an excited state of ~'Caj

3
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some of therdata'ih‘this‘figurevwere obtaihed at g scattering angle of 1h.1 i
deg aﬁd some at a;scattering'angle of 11.k4 deé 50 that these two peaks areb
really shafper thanvthey-appear to be. Allvof;the'valid 6ﬁe events were
then individually corrected for Beam energy and eleotronic drifts (see Fig. li)
as well as for ta;get énd detector dead layer losses; the eneréy of each
event was determined from the 6He energy scale discussed»below. Data from
the uoCa(SHe,6Li);7K.oélibration reaotion was collécted at intervals through-
oﬁt the run to observe wﬁether any energy shifts occurred arising from radia-‘
tion damage to the counters. |

The problem of establiéhing an absolute beam eneréy'ﬁas treated as

follows: callbratlon curves for 6He and 6L1 ions were obtalned by observ1ng
phlghly negat1ve Q-value (a,6He) and (a,6L1) reactlons on sultable targets
(here C) at angles chosen so that the ground—state groups stopped in the E
.detector. Since each detector was previously calibrated via a precision pulSer'
against an O%souice, an absolute CQ-particle. beam energy'of 71.d MeV‘could be-
established from theso calibrations'and the known Q-valoe and kinematic rela-
L.tions,.after dead layer and targef iosseo were taken into account. (Since
stopping 6He-particles_possessed"~50 Merand QLi-particles ~45 MeV and since
these energies were distriputed émong the three counters, the calibrations
were such that minof:extrapolatiohs were feqﬁired forvthe‘former and reésonablé.
ones’ for the latter.) This o%particle begm‘energy agréed within 0.5% with
that obtained from range-Enorgy measurements in aluminum. The incident beam’
was then chapged-to 5He—particles at the opprOpriate energy} this energy was .
again meaSurod via aluminum range-energy measurements. More importantly, |
its energy was also determined from the 6Li—particles from a known‘Q-value

calibration reaction (here uoCa(BHe,6Li)57K, see Fig. 14(b)) to be 55.9, MeV;
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this was again obtained from the earlier Q-source calibretion and agreed

with the range-energy measurementé to 0.6%.; This is equivalent to forcing
A ! .

the Li ions from the'(jHe,}Li) reaction to be on the same energy scale as

those from the earlier (a,éLi) reaction, so that the 6He ions from the (BHe,6He)

reaction should be on the (a,6He) line established earlier.i Using this

procedure, an error of 1 MeV in the LLHe beam energy would make a difference

of about 40 keV in'the 370& mass.

ITI. RESULTS
: 2Ly ana 2Tca - reme . |
The results of the lg and ~ 'Ca mass measurements will be presented
first, followed by the rest of the spectroscopic studies in the mass 21 and

mass 37 isospin quartets.

2
A, lMg and 570& Mass Measurements

The mass of elMg, nhich is the Té = —5/2 member -of the mass 21 isospin

. ‘ 2 . N
quartet, was determined by the uMg(BHe,6He)21Mg reaction at 56 MeV, and

"Fig. 15 shows a‘particle-identifier spectrum obtained during this experiment.

Figure 14(a) is an energy spectrum from the ?uMg(BHe,6Li)?lNa reaction, which
was recorded simulténeeusly’and used as a.caiibration reaction: Two independent
6He.energy spectra from the E‘LLMg(BHe,6He)21Mg.:c'eac’t:ion are shown in Fig. 16;
each event in both'spectra was cerrected for beam energy variations, elec-
tronic drifts, and fon energy losses in the target and deteeﬁor dead layers.

Each block represents a single event and the block width was chosen as 100 keV.

‘There appear to be five peaks common to the two spectra’ which correspond to

the ground state and four excited states of 2lMg.‘_The average differential
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cross section for the 2.lMg ground-state transition at l%.l deg (lab) was

0.84,ub/sr-and the average Q—?alde'was determined to.be -27.22+0,12 MeV,
‘which corfeepoads to av21Mg~mass excess of 10.62+0.12 MeV (12
vglMg is stable to proton.emissicn by 3.65i0.12_MeV. Average excitations'of
the observed 2lMg exciﬁed levels were o.eeic.os, 1;27io.o6,-1.62io;ou, and

.1.89+0.0L4 MeV; these are consistent with the knownl6 level structure of the

LT = +3/2 nueleus 2lF;

z
37 )57

The mass of ° Ca (T = -3/2) ) was determined via the hoc (5He, He

reaction at 56 MeV; Corrected 6He energy spectra from two 1ndependent
observations of this reaction are shown in Fig. 17;- each block represents‘a:
singlevevent and the block width is lOO'keV.’ Although several angles were

© _observed in each system, . all the data havevbeen kinematically corrected to '

11.2-deg. Each 6He spectrum,ccntaiﬁs'two sharp states which correspond to :
57Ca.

[y

the ground and first excited states of The average cross section for

e 57Ca ground-state transition at 11.2.deg (lab) was 0.175 ub/sr and the
3¢

Q-value was determined to be —24 27+0.05 MeV, Whlch corresponds - to a a

2
(l 57

mass excess of -13.24%0. 05 MeV C = O) Hence - 'Ca is stable to proton

emission by 3.2%£0.2 MeV . (the mass excess of 56K calculated in Ref. 17 is
37

probably good to 0.2 MeV). The'first excited state of © Ca appears at an

.excitation energy of 1.62+0.03 MeV, which is consistent with the known first.

'5701 at 1.72 MeV.l8

excited state of the T = +§/2 nucleus
Tacle IT presents the forwafd angle center-of-mass differential cross.
sections for the four (3He,6He)'reactions that have been utilized at'thisA
vlaboratory5 o7 for_mass'deterﬁiﬁaticns of TZ =<;5/2 ;uclideé., As can be noted
- from this table,. there appearsﬁfc be a marked decrease .in cross section with

increasing mass number A. Unfortunately, the general behavior of these

C = 0); therefore

<oy

B
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(3He,6He) cross sections with angle and with bombarding energy has not been
determined,‘so that this apparent pattern could easily be a property of our

experimental conditions.

B. T = 5[2'States iﬁ 2ll\Te and 2]'I\Ta

22
The Ne(d,t)glNe and 221\Te(d,5He)2]'F reactions were studied simultaneously
to characterize the T = 3/2 states in glNe._ Triton and 5He energy spectra
from these reactions are shqwn in Fig.’l8;venergy'resolutions (FWHM) were

5

160 keV for tritons and 182 keV for “He. The ground-state analogue level in
21Ne was expected to iie near 8.9 MeV excitation since 1ts analogue level in
the mirror nucleus 2lI\Ta appears at 8.90%0.0k Merexcitation.l9 Afhree sharp
states at 8;92io.025; 9.élto.ou, and 10.04%0.03 Mév wgfe observed in the

21 . . ,
221\Te(d,t) e spectra; they are indicated as T = 3/2 levels in Fig. 18 and

are the presumed analogues of the ?lF ground-, 0.28-and 1.10-MeV levels,

- respectively.

Angular_distributidns of the'?zNe(d,t)glNe transitions to the ground

state (5/2*), 0.35-MeV (5/2*);_and~8.92-MeV levels, together with the distri-

5 _
bution of the 2Ne(d,5He)21F ground-state (5/2+) 29 transition, are shown in

Fig. 19; all these transitions are expected to involve L = 2 angular mémentum
trénsférs. The abscissa in'Figs. 19 - 21.is the dimensionless quantity QR,

where Q is the center-of-mass linear momentum transfer and R is the radius

of interaction calculated from the formula R(fm) = 1.5(A )l/5 + 1.2 for

target

incident deuterons. The'efrdr,bars on the data are based on counting

statistics only and the absolute cross séctionslare expected to be accurate

. ' 2 2
to +10%. It is of particular interest to compare the 2Ne(d,5He) iy ground-

state transition with the 22Ne(d,t)21Ne* 8.92-MeV transition since these two
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states. are expected to be'énalogues. Assuming the charge independence of
" nuclear forces, transitiens populating these analogue states proceed from

identical initial to-idenfieai final states and hence should‘possess identical

h13

cross sections after phase space and isospin coupling corrections are made.

These corrections involve (compare Bayman ), : ‘ ‘ o v ©

olae) __ 1 x)

o(d, He) - 2Ta +1 k(0Ee)

where T is-the isobaric.spin of the target nueleue aﬁd k(t), k(BHe) are-the y
eenter—ef-maes momenta ofu£he particles. Noting Fig 19 one sees that‘the :_'3&-
angular dietribetione.ef'the 22 Ne(d t)" 2lyex 8 92 MeV state and the
22Ne(d,-BHe)glF‘groun.d sﬁete have_51mllar L =2 shapes and that their adJusted -
cross sections eéree quite well; ‘therefore the‘8.92—MeV level of lNe has »
: been assigned T = 3/2 and gt = 5/2+ to agree with its anelogue'
Angular distributions of the Ne(d He) ;F* 0.28-MeV (1/2 e2 trans1t10eu
andvthe'E?Ne(d,t)ElNe* 9.21-MeV transition are presented in Fig. 20. eThe
‘ (d,BHe)vcroes sectiens have again been divided by 2.80 to correct for isospinv
coupling and phasevspace factors. Upon comparison of the magnitudes.(and
L = Oishapes) of these two_aﬁgular distributions, the 9.21-MeV level.of 2 e
caﬁ'be'assigned’as a 1/27, T = 3/2 state. 'Angular distributions of the '

O(d, He)lSN groundr(l/E ) and 6.33-MeV (3/27 ) states, 2> together with the : _ ;
dlstrlbutlons of the 22Ne(d He)QlF* 1.10-MeV level and the oN d,t)QlNe* .
'-l0.0ﬁ-MeV 1evel, are shown. in Fig. 21. The spin and parity of the 1.10-MeV
level of 21Fvare not known, but when the angﬁlar distribution of this level

v 15N

is compafed to the known L = 1 transitions to B it'appears to possess an

L = i_shapefso that it may be tentatively“aseigned as J" = (1/2, 5/2)_. The

m v —— s o —— b i, —nt o = 0. o ¢

o
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angular diétributions of the glNe%'lo.ou-MeV and 2lpx 1.io¥MeV levels (the
latter cross section has been dividedﬂgy the appropriate phase space and
isospin éoupling factor in.Fig. 21) are similarsin shapé and have the proper
relative magnitudes, so that the glNe* 10.0k-MeV state is the third T = 3/2
level in glﬁe and it is also tentativély assigned spin and parity (l/é, 3/2)".

5

The 25Na(p,t)21Na and the 25Na(p, He)2lNe reactions were studied in
order to locate T = 3/2 levels in ElNa through comparison of (p,t) transi-
tions with (p,BHe) transitions to the now established T = 3/2 levels in 21Ne.
An energy spectrum from ﬁhe 25Na(§,t)21Na reaction is shown in Fig. 22 with
typical triton energy resolution (FWHM) of 150 keV. Peak 19 in the spectrgm
possessed an average excitation energy of 8.92+0.03 MeV and was presumed |
to be the lowest T = 5/2 level since this excitation agreed Qith'the_value

19

of 8.90%0.04 MeV reported earliérf Due to the iarge amount of oxygen in
the target, the (p,BHe) tfansitions to the 21Ne/analogues of the 8.92-MeV
and higher levéls of 2lNa were not observed. Several previously unreported
energy levels 6f 2]'Na were observed in this experiment and the results are

h-26 of previously published

presented iﬁ Table IIT along with a summary2
data on states of this nucleus. No neW'spiﬁ and parity assignments have been
made by us, and, in fact, sbme of the excited levels may be unresolved dou-
blets. In general, fhe resﬁlts of this eiperiment are in good agreement
with the published data on the energy levels of glNa,

These new data on the mass 21 isospin quartet are summarized in Fig. 23,
which shows energy level diagrams for the members of the quartet. For

clarity, ground-state energies of mirror nuclei have been equated and many

of the energy levels of 2ll\Te and 2lNa below 10 MeV excitation have been
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deleted. The four members of the completed ground-etate T = B/E'quartet are

shown and T .= 5/2 analogue levels are conneeted byxdashed lines.

C. T =3/2 States in ° K and o Ar

The D9K(p,t)j K and 59K( ,BHe)57Ar reactions at 45 MeV were used to
locate the lowest T = 3/2 levels in 57K(TZ = -1/2) and 57Ar(TZ = +1/2).
Triton and 5He energy spectra from these reactions at a laboratory angle of -

26 deg are shown in Fig. 24; the energy resolutions (FWHM) were about 180 keV
. 5 ,

- for tritons and 280 keV for HeéparticleSa Sharp states were.obeerved in

"these spectra in the expected_regions'for:the T = 5/2 levels, as predicted
57 . ,

from Coulomb calculations and the

and 5.035£0.025 MeV in}57Ar and 1

Cl mass, at excitations of 5.010%0.030

X, .respeetively. This excitafion for the .
lowest T = 3/2 level of‘57K agrees with that”of 5.0%0+0.018 MeV obtained

- previously. 2T Angular dlstrlbutlons to these two states and to the 57K
Aground-(B/E ) and 1.37-MeV (1/2 ) states are shown in Fig. 25. Since a

spin transfer of S = O is required to first order for (p,t) reactions, the

57K* l.57-MeV transition is expected to be a pure L = 2 transfer. Although

fhe 57K ground-state transition is allowed by anguler momentum and- parity .i
selection rules to preceed'via either L = 0 or L = 2 angular momentum trans-’
fers, previous (p,t) experlments28 have shown that sgch transitions appear

to proceed by relatively pure L =0 traﬁéfers; 'Assuming the charge independence
of nuclear fovces, (p,t) and (p,EHe) transitions to T = 3/2 ' analogue states
proceed from identical initial to identical final stetes primarily through

only S =0, T =1 ﬁick-up of two nucleons._ The lqwest T = 5/2 states in

5Tx ana 57Af, which are the analogues of the Known © (C1 ground state (5/2+),

should therefore have idehtical cross sections after isospin coupling and

¥
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phase space corrections Have béen méde; L = O behavior is.againiexpected.
Indeed, Fig. 25 shows that the angular distributions to these supposed
_ analogue states possesé L = 0 and are esseﬁtially identical, thereby con-

firming that they are T = 3/2 analogue levels with expected spins and
parities of 3/2%. |

Figure 26‘summarizes the mass 37 isoépin‘quartet data. Ground-state
-energles of mirror nuclei hé&e been equated fof the séke of clarity and only

37 37

a few of the levels of ~ 'Ar and ” 'K below 5 MeV excitation are shown; the

3Ty 29

level structure of is from Goosman and Kavanagh.

/

IV. DISCUSSION
If the wave functions of the members of an isospin multiplét can bev
regardedxas identical and if.any'charge;dependent forces are of a two-body
character thét can be treated as perturbations, then the masses of the

members- are given by the isobaric multiplet mass equation‘(IMME)u;
M(A,T,TZ) = a(A,T) + E(A,T)TZ + E(A,T)Ti.

The completion of the mass'2l and mass 57.isospin quartets~pefmits two
further independent tests of the parabolic character of'the‘IMME.since the
coefficieﬁts can be determined from three‘of fhe_members of a quartet and
then used to predict a ﬁags for the fourth member; wé have chosen to use
these data to predict the mass of ﬁhe Tz = -3/2 nucleus‘in each .quartet.

A list of the T, = -3/2 nuclei whose mass excesses have been measured,

together with the coefficients énd the predictions of the IMME for'the four

\
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isospin quartets which have’been coﬁpleted to date;‘is presented in Table IV.
in all four of the completeavisospin quartets there.is very gooa first order
agreement betwéen the predictéd and experimentgl mass excesses within the
.generally relatively large expérimental errors, which indicates that the
IMME is accurate over a fairly large variatioﬁ in atomic number Z. An ap-
parent discrepancy in the much more accurate mass 9 quartet data6 was inter-
preted as iﬁdicating a possible (and ultimately to be expected7) neeq for
fhe inclusion of a higher order term g(A,T)TZ in the IMME, but unfortunately
no egplicit fheoretical‘estiméte of the_magnitude of such a coefficient is
available. These g(A,T) coefficiénts of an IMME conﬁéining a g(A,T)Tg‘term
were caglculated from ﬁhe four eipérimental masses_in eacﬁ,égartet and the .
results ére listed in Table IV;_clearly such a cbeffiéient is no greater
than ng, whére 7 is the average atomic number.of‘an isospin quartet and &
. ~is the finé sfructure constant. Theoretical ﬁredictions_of the magnitude of
£he exbected second order corrections would’be quite wvaluable. L

Varioﬁsvsystematic mass prgdictionS'for'9C, 13O, 2lMg, and BYCa, togethef

with the experimentally measured masses, are shown in Table V. Only the

!

Kelson-Garvey predictions (Ref.'B) cover all four nuclei and thgir'predictions”

appeéf to be in excellent agreement with the experimental masses except for
l50. "In general, £hough, all three éeﬁs of,predictions are in reasonable
‘agreement with the data énd a2 more stringent tést ofAsuch predictions woula
appear.to require investigations of nuclei nearer profon—instability, such

12 %6 i ' 8 .
as ~ 0 and © Ca, which could be reached through the (@, He) reaction.
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Table I. Energy losses of various particles in a triple-counter telescope.

Energy-Légses-In}Counters‘(MEV)

Particle Etotal ‘

(MeV) 5.2 mil . k.2 mil 6.5 mil

T AE2 ctr ARl ctr E ctr

e 29.00 "_8.27 0 9.17 ~11.56
3He .21.25 - ' 6.25 7.15 7.85
a ' 7. 75 : 2.53 2.9k ~ 2.28
3He +d (sum) 29.00 ‘ 8.78 . 10.09 - 10.13
8 . _ _

He 35.50 , 8.61 8.93 17.90
uHe : - 27.50 | | , 6.18 6.24 . 15.08
a . 8.00 2,39 2.69 2,92
“ge + a (sum)  35.50 | 8.57 8.93 18.00

“fe +a (sum) 35.50 - 8:66 945 I7.39
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Table ‘II. Forward angle differential cross.sections for fourw(:He; He)-
reactions. ' LT C '

Reaction -”_ S *'Bombarding' , o " do/dQ”
: _ _ - . , m ( ‘.
‘Energy (MeV) - - CED) (b/sr)

1e 3He,6He)9c g.s. ': } 65.5 - o '15;8 B 1.6 0.4'

c(

106(3pe, b1e) 30 .. ff' ~ - 65.3 . 153 0.76 *0.12

24Mg(3He,6He)21Mg z.5. 559 © 18.0 . 0.52 £0.12

Ca He,6He)37Ca g.5. ";1155.9 e L1209 'o;i3 +0.03

rn e g e =
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Table IITI. Ievels in lNa'dbserved in the 23Na(p,t) lNa_reaction at 42 MeV.
The J% assignments were all taken from the ,re'ferenc\es cited.

Level’ Excitation . ﬁxc itation_‘ ) T References
Nunber This Work — - Other Work
(Mevli keV) (MeV * keV)
0 0.0 SR 32 18
1 | 0.335 £ 10 0.338 * 3 - 5/2" _—
2 , 1.71 % 10 1.72 C7/2h 18
3 . 2.42 + 30 2430 £ 3 ,1/é+ ) 25
I . 2.81 s20 2.8 % 4o | 18
5 , 3.54 £ 20 3.540 £ 2 5/2" 2l
6 3kt | -
7 383 20 3.88, 3.82 18, 2k
| k.15 : 3/2; . 18, 2k
8 4L.28 £ 30 h.29 + 4 5/2+‘ 2&
9 Y.h1 30 L4l £ 20 _ 24
.4 46 £ 5 | 3/2 2k
10 N 4.99 * 30 . 5;00 £ 50 i - 18
1n 5,34 £ 30 |
o ' 5.47 | L 18
: | 5.70 | ‘ 18
. 12 - Ny _5.78 * 30 :l 7 5.83 B o 18
13. o 6.16 * 30 | . -
| - 6.26 18
1 o | 'vv 6.54 £ 30 4°,  | .6.52_£,5d,' EEVC U 18, 26
15 | 7.06 £ 30 . '
| 7.21 * 50 1/2" 26
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Table IIT. = (continued) =~

Level - ' Excitation S Excitation . J°° References

Nunber : This ‘Work Other Work
: (MeV % keV) — (MeV £ keV)

I+

745 £50  5/2t 18, 26

% 7.60 % 60

_I+4

30

17 - 8.1
18 8.31%30

s

19 892 t30 8o tko  (5/27), 13/2 19
30 .

iy

1+

20 : 19.19

I+

21 . ' 10.05

22. . . 11.00

G

=30

o v e
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Table IV. Isobaric multiplet mass eqpafion pfedictions and calculated
coefficients. . ' / : '

Isobaric Multiplet Mass Equation

3

M(A,T,T) = ala,T) + b(A,D)T + o(ADT [+ a(a,1)1)
T =-3/2 Experimental Predicted b(A,T) | c(A,T) [A(A,T)]  Zoc
Ncleus Mass Excess Mass Excess MeV) . (kev) (xeV) (keV)

(MeV) (MeV) ' . '

% 28.99 (70)%7°
%c 28.916 (5)° 28.961 (20) -1.332 (1) 278 (11) 7 (5) 9
30 23.11 (70)%  23.10 (k9) -2.180 (16) 25 (11) “1(1h) 12
Zlmg - 10.62 (120) A10.59,(izo) -3.545 (L0) 15@1(2%): -5 (28) ' 12 |
3Tea -13.24 (50)  -13.2k (118) -6.176 (39)' 176 (25) 1 (21) 2k

i/ AR1 errors are in parentheses and are in keV.
b S B

See ‘Ref. 5.

“See Ref. 6.

USee Ref. 7.
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Table V. Comparison between various systemstic.mass: predictions and the -
experimental masses.. o o : " : '

‘Nucleus Experimental - Gold:a.nskyb Janecke® . Kelson-Garvey
- Mass Excess. - Mass Excess - -Mass Excess = Mass Excess
(MeV) - (Mev) - (Mev) (MeV)

% a6 - 203 28.88
B a3n (7o)fv1» | 232 - 23k . 23.52
Mg 10.62 (120) 1009 10.8 C 10.79.

j37Ca B 7413.24f(50), L Tl1a.9 |  - - ’ff . ‘-13.17'

PYalues in parenth¢SeSvaré the ﬁaés excess effofé:in kéV.\
?See Ref. 1.. | | o
:CSee Ref. 2. P !
dSee Ref. 3. o
®See Ref: 6.

fSee Ref. 7.




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

. _Triple—counter particle-identifier spectrum from 120 + 65-MeV

~31- N - UCRL-17693
- FIGURE CAPTIONS |
Schemafié diagram'of the cyclotrqn facility and t?e relevant beam
optiés and eqpipment. ' - '

Schematic diagram of the electronic setup when employing the standard

‘particle~-identifier system; 1t presents ‘one 'of the. two: Independent. -

counter telescopes.

Standard particle-identifier spectrum frgm‘the'bombardment of a
sodium’target with L2-MeV prétonstf ThefAE counter thickness Qas

5.6 mils. | ‘

Schematic diagram of the électroniés-for the triple-counter particle—
identification system. |

Simplified illustration of the function of theitfiplé;counter par~
ticle identifier. |

Standard particle identifier spectra from the bémbardment of a
126 target with TO-MeV AHe-ions:(open circles) and with 65-MeV 3t
ions (filled circles). The AE and E detector thicknesses were 8.5
mils and iZO mils, respectively.

3. 6

¢ | . .
A "He energy spectrum from the 120( He, He)9C reaction at 65_M€V.-

This reaction was investigated using a standard particle-identifier

system..

3He-

'particles. The AEZ, ABl and E detector thicknesses were 5.2 mils,

4.2 mils, and 5.6 mils, respectively.

Energy spectrum of the lZC(3

160(3He,6

6
He, He)9C reaction at 65 MeV; the counts

due to the He)l30 réaction resulted from the oxygen in the B

Mylar target. These results were obtained using'the triple~counter

particle-identification system.
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10.

11.

12.

130

1k,

15.

normal:pos;tionS'of the'particle-stable nuclei from

%o

-32_

Pulser- s1mulated partlcle—ldentifier spectra for the trlple -counter

- systen using the detector thlcknesses shown 1 Flg h (c) shows the

o > .3He,to 7Li, while

- (a) and (b) show the positions of gHe + X and 3He+.X.'(X denotes s

o d, T, 3He{.or'uHe).chance coincidences, reépectively.

Time plots of (a) the 3te beam.energy as determined by elastic scat-

tering in the monitor detector and (v) the electfonic drifts in the

» Etotal pulse of one triple-counter 6He detectlon system durlng a
6. ' '
study of the lLOCa(3He )37Ca reaction.
Triple-counter particle-identifier spectrum from 55.9-MeV 5Heicns
e L0 "
incident on a Ca target.
Plots of AEZvanduaEl Versus Et ta l for the - events in the 6He region Q.'
50, Bge bue13 e
of the partlcle 1dent1f1er spectrum during the Ca(”He, He)”'Ca

experiment.
Energy spectra from (a) the'ZhMg(3He,6Li)2;Navreaction and (b) the’

)37

Ca(3He 6 K reactlon at 55.9 MeV.

Triple~counter particle-identifien'spectrum resulﬁing’from the‘bom-_

ok

"bardment of Mg with 55.9-MeV 3He ions.

. Two independent 6He energy[epectra from the zuMg(SHegéﬂe)legvreac—i

tion at 55.9'MeV and a scattering angle of 14.1 deg. ' Bach block

., represents one count and the block width is 100 keV.

17,

18.

Two independent 6He energy spectra from the AOCa(3He,6He)3TCa reac-

" tion at 5559 MeV; theydata from both systems were kinematically.

corrected to 11.2 deg. Each block is one count and the block width

is 100 keV.

Energy spectra,from the %2ye (a, t)ZINe and Z2we (d,3He) lF ‘reactions

'.at~20.5 deg. lNe spectrum has been adgusted to align the flrst

three T = 3/2 levels in 2.],“Ne with their analogues in the ZlF spectrum.
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- 20.

21.

22,

. 23.

2k.

25.

| 6.33-MeV (3/27) transitions, the

C-33- L UCRL-1769%

. 22, 2l ,

Angular distributions of the ""Ne(d,t) Ne transitions to the ground
+ + » : ) L 22 21

state (3/2 ), 0.35-MeV (5/2 ) and 8.92-MeV levels and Of ‘the Ne(d,3He) “F

) + . .
ground-state (5/2 ) transition. In all cases smooth curves have been
drawn through the experimental points to guide the eye; the abscissa
is the dimensionless quantity QR, where Q 1s the momentum transfer
and R is the interaction radius.

21

-2 ' +.
Angular distributions for the ZNe(d,3He) F* 0.28-MeV (1/2 ) and

22 21
the ""Ne(d,t) lNe* 9.21-MeV transitions.
‘ ot 16 3. \15 ' -
Anguler distributions of the ~-0(d,”He) ’N ground-state (1/2 ) and

22Ne(d,3H¢)21

F* 1.10-MeV transition
‘ 22 21 \ )

and the Ne(d,t) ~Ne* 10.04-MeV transition.

: ) : . 2 .

Triton energy spectrum from the w3Na(p,t) lNa reaction at 42 MeV.

' N 21 - . \ .
The numbered levels are Na, levels -whose average excitation energies

"are listed in Table IIT.

Energy leﬁel diagrams for the members of the mass 21 isospin quartet

showing the positions of the'T“= 3/2 levels in each nucleus.

~For the sake of clarity the ground-state energies of mirror nuclei

have been equated and many of the excited levels of 21Ne and ZlNa
bglow 10 Mevvexcitation have been deleted.
Energy sPectré from the<39K(p,3He)37Ar and 39K(p,t)37K reactions‘at
45 Mev énd a scattering angle of 26 deg. The spectra have been
adjusted to align the positions of the ground-staté peaks.

37K ground-.

Relative angular distributions for the 39K(p,t)
+ ' + ‘ '

(3/2°), 1.37-MeV (1/2 ), and 5.035-MeV (T = 3/2) states and for

the 39K(p,3He)37Ar* 5.010-MeV (T'= 3/2) state. The cross section

of the last - transition has been corrected for phase space and

isospin coupling factors.
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Enefgy lével'diagramS'bf‘the»membe:sgdf the mass'37.isospin guartet

showing the.pgsitiohs-offthe T-:;3/2 levels.'in each nucleus._:

N

~ For clarity the ground-state masses of miprbr nuclei have been equated

37 37

and several of the ~'Ar and ~ 'K energy levels have been deleted.
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" Three counter particle idefnﬂf.ier

Reaction l—l - ﬂ |

products U U

AE?2 AE | E

Counters

" Different identification modes of the particle identifier

ctr(s)used as - ctr(s)used as
"AE" ctr "EY ctr
A. AE2 AEI+E

B. AE | E

if the ratio A/Bis within a chosen percentage, then
the final output is C

C. AE2+ AE| E

¥ig. 5. MU B- 9885
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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.









