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By employing the 21‘Mg(p,éﬂe)wl\la and3288i(p,6He)23A1

19

reactions [do/df %lOO_nb/sr], the mass excesses of T“Na and.

2351 are found to be 12.974#0.070 MeV and 6.766+0.080 MeV,

[12 19

C = 0]. Since “Na is determined to be

23

respectively

proton-unstable, .~ TAl should be the lightést,nueleon—stable

member of the A = Un+3, TZ = —3/2.mass series.

Althougﬁ the masses and decay schemes of the A = Un+l series of

TZ = ~3/2 nﬁclei in the light elements are fairly well established,l almost

7

' nothing is known about -the comparable Ln+3 nuclei. Only the properties of 'B

‘in the latter series are known? and only llN can be additionally studied using
"existing nuclear reaction techniques and stable targets. We wish herein to
report the successful utilization of a new nuclear reaction tool—-the (P36He)

reaction--capable of studying in-general“these n+3, TZ = -3/2 nuclei. The
19 31 have been measured via the 21*Mg(p,6He)l9

masses of Na and 2

28 6

Na. and
oo 6 \23 " L : : : o
Si(p, He)“~Al reactions; these masses agree well with various mass pre-

dictions.



z
i
t
‘i
i
y

-2~ ' UCRL-18T724

Preliminary measurements had shown that the (p,6He)'reactiOnvprqducing
suéﬁ hn+3 nuclei (@ v =37 MeV) possessed a differential cross section of
N100 nb/sr so that techniques capable of'obserQing such small yields had to
be employed. Our basic approaéh has,beenbdeécribed previously3 so that only
the improvements to this system will be detailed Here.

A 54.7 MeV proton beam from the Berkeley 88-inch cyclotron was used
to bombard thin targefs,of'adenine (CSH5N5)’ eﬁMg, and natural silicon.
Reactions occurring on the first target'provideﬁ'calibration groups. Figure 1
presents a diagram of one.of the two similar counter—felesFope and electronic
systems which were simultanebu%ly émployed; the'couhter teleséopes-were'placeds
at 1k.1 deg on opposite.sides'of the beam. Fouf:silicon ﬁransmission detéctors

were used in each teléscope. After’'a fastAcoincidenbe among the first three.

detectors restricted the origin of all allowed events to a single beam burst,

two particle identifications (PI) were performed and compared using the signals

from the two successive'differential—energy—loss.detectors——denoted AE2 and

AEl, respectively--and.’ the third "E" aetector.3 Any events traversing the

"first three counters were rejected by the fourth.

Even with the above electronics, pile—up,bétween events coincident
within a single beam burst creates a substantial background (V50 nb/sr at

our typical.coﬁntihg rate) and interferes with of prevents studies of unusual

.. nuclear reaqﬁions with cross sections below 100 nb/sr. As a result, time-of-

flight (TOF) measurements ofer the 51 cm flight path between the target and

the AE2 counter have been a4dded; a resulting mass calculation readily dis-

tinguishes true'6He events from ones arising, for example, from 3Hé—d pile-up

that also appear in the 6He region of the PI spectrum.3 In addition, a

-
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sub-nanosecond pile—up—detection system (PUD) on the signal from the AE2
counter places a furthef requirement on each evenf. These improvements
drastically reduce the chance coincidence background and would appear to
~make feasible the study of highly endothermic nuclear reactions with cross
Sectioné as low as 10 nb/sr.

An outline of the added time-of-flight and pile-up detection elec-
tronics is also shown in Fig. i. A timing pulse was obtained from the first
(AEQ) detector via a fast charge—senSifive preéamplifier (10%-90% rise time -
of 4 nsec for zero capaéitancé). For these purposes, signals from this pre-
amplifier were used in two ﬁays. First, utilizing the leadlng edge of the
pulse, they provided a start signal for the PUD system time—to—amplitude
converter (TAC).. Second by clipping this tail pulse to form a bi-polar
pulse of 30 nseé total width, a timing signal was obtalned from the zZero-
~‘crossing point. This latter pulse provided the PUD stop pulse for the TAC
(also see below). Any deviétion between the normal leading;edge to cross-
over time was indicative of pilééup. A resolutioh of 0.2 nsec for 10 MeV.
energy loss - in the AE2 counter was obtainable with aymaximum.walk-éf 0;3 nsec
for pulses betweep 1.5 and 10 MeV. |

The zero-crossing discriminator output waé also used té sﬁart 
' anothér TAC Whi;h was stopped by a pulse derivéd from the arrival time of a
beam burst in the fast Faraday cup shoﬁn in Fig. 1. Because éf the fairly
low frequency, sector—focused design of the_Berkeley cyclotron——which nor-
mally provides a 45 deg phase width (full width at half maximum, FWHM) at
15.9 MHz for the 5kL.7 MeV proton beam——itiwas necessary to restricé‘the phase
width to ﬁbout 6 deg by the use of internal collimators;v Even with these

collimstors, however, it was possible to obtain energy-analyzed beam (0.14%)
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with intensitiés of 2.5 HA. An_overall time resélution of 1.L nsec FWHM'
was measured.

Events in each system with acceptable'iaeﬁtifications were sent via
an analogue—to-digital cohverter, multipiexer system to an on-line PDP-5
computer. Six parameters--AE2, AE1, ET (total), PI, TOF, and PUD-~were
recorded for each event. The computer aiso stored twenty pulSer—simulatéd
6He eventsvevery hour to check both eléctronié sYstems'andvprOVide an accurate
measure éf‘drifts. A monitor countef independenfly measured the beam éhergy
variation with time. Following the run, each §He’event was analyzed in
detail. Thé PUD was corrected for time walk of the ieading edge trigger, and

)2

mass information was obtained by calculating E_(TOF)"; the latter yielded'

T

an overall FWHM of 0.6 amu for mass six. "Windows" were set on the PI, PUD,

and mass data. -
. . . 12 6. \T
Figure 2 presents final energy spectra from the C(p, He)
2l 6 28 6 '
e,

B,

th(p,6He Si(p,

Mg(p, He)l9Na, and - He)23Al reactions. The -

9

l-uN(p,6He) C data were used for calibratidn purpoées. Runs of two:to five

hour duration on the adenine target were intersperséd'with'longer runs on
the other targets to minimize any effects due to beam instability. . Only

" data from System 2 are shown for the adenine and‘EhMg targets; the c¢ross-

19

" sections for production of 9C and ~“Na are V160 nb/sr -and %120‘nb/5r, respec-

23

tively. Results from both systems are combined for the Al data because the

target was thinner and the cross-section about a factor of three lower. The
spectra appear quite clean after the mass and pile-up restrictions have been

applied, with the slightly greater background at the higher energies in the

29 30

-silicon spectrum probably arising from reactions on Si and Si; If the
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adenine data were considered without these mass and pile-up restrictions, for

example, the énergy region of interest would éontain_a continuous background

9 7

of magnitude Vv1/3 the corrected “C ground-state peak extending from the 'B

i

ground state to V18 MeV as well as scattered counts at higher energies. The

9 23

ground-state transitions for 9C, 1 Na, and TAl all have widths consistent

with the expected energy resolution.

The mass-excess of Na is determined to be 12.974£0.070 MeV [*°C = 0].

g = H%E = 3/2 analogue nucleus

0 lies at only 96 keV excita’cionlL (the next state is at 1.47-MeV) and since

Since the first excited state in the T = 3/2, T
19

 the mechanism of the (p,6He)'reaction is uncertain, there is some ambiguity as

to whether this mass-excess applies to the ground state and/or to the first

19

y‘excited state of "~“Na (the experimental resolution was V200 keV). We will

take it to be the ground state noting that in either event lgNa is proton

unstable; with this assumption, lgNa is unbound to 18Ne+p by 366+70 keV.

23

~The mass-excess of -~ ~Al is determined to be 6;766t0.080 MeV. (The

data'in Fig. 2 also show the presence of the 7ng.s. from reactions on-a l?C

23Al is bound to ?2Mg+p by 146x82 keV6 and is

tafget impurity.s) Therefore,
nucleon stable. It.shoﬁid 5e the lightest sucH isotope in the TZ = -3/2,
Un+3 mass series, is expected to have a halfflife <600 msec, and should emit
B-delayed protons .of 200 keV;' Only the:groﬁnd-stafe of 23Al_is>likely to be .
. bound, since the first excited state of the ahalogue nucleus 23Nejlies at
1,02 Mev. T |

8,9

Both of these nuclei'complete isobaric quaftets; ‘their:
masses have already been predicted by the isobaric multiplet mass equation

(IMME), as discussed in Ref. l,'and thus permit yet another check of its
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ﬁvalidity. Mass predictions fér'theselnuclei:from th‘evIMME,l from.a.éystematic
study of Coulomb engrgies in the ld5/2 shell,9 and from the Ke;son—Garyey
nuclidic>mass relationshiplo are given in Tablé I. Good agreemenf'is-to be
seen among the various theoretical p}edictions and'betﬁeen'them and experiment'

19 3Al.,

- for both ~“Na and 2
We woﬁld like to thank Dr: JurgénuRadéquf for develéping the fast

pfe—amplifiér-used_in these egperiments, Dr. Fraﬁéescp Resmmini and Dr. David

Clark for fheir efforts'in-ﬁreparing‘beams with-suitable phase widfhs,ﬂ

Barbara Cerny for writing the off-line analysis program, and John Bowen and

the cyclotron crew for maintaining the beam thrdughoﬁt a long, arduous run.
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Table I. Experimental and predicted mass-excesses (in MeV t keV). .

Predictions
) , 1 ' , 10
Nucllde Mass ‘ . IMME"~ d5/2,shell Kelson-Garvey
. Coulombd :
19, S
Na 12.974+70 12.90 #130 . 12.965%25 - 12.87

B | 6.766:80 - 6.684t98  6.7h3t25 6.71
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FIGURE CAPTIONS
Fig. 1. An abbreviated diagram of.the.experimental layout and the electronic
equipment fof one of the tWO gimilar detection systems.employed in these
mgasqrements.

Fig. 2. The energy spectra from the (p,6He) reaction on adenine (Eottom),

2k

Mg (middle), and natural silicon (top). Déta from detection System 2

_ only .are shown for the first.two”targets, while data from both systems

28 6., 123

are combined to produce the ~ Si(p, He) ~Al spectrum. Fach block is one

count and the block width is 80 keV. Transitions to the first excited

9 T

state of “C might be present, diétortiﬁg the spectrum of the B g.s. in

,the.data‘fromlthe»adenine.target..
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