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'ABSTRACT

A fgstbgas—sweepipg system has been deﬁeloped which enables activities
tovbe_traﬁSPbrtéd up td 5 meters from the target position in 50-100 ms. It has
been uséd‘alohg with a cooled semiconduc&br;édunter.telescope to obtain
.delayed—proton_spectra in which the energy resolution was limited to 45 keV by
.kinematic'effects. The remote counting location also pérmits.usé of a Ge(Li)
" detector withoﬁt fear‘of radiation ddmage. Sé#eral different high-yield target
configurations are descfibed, inclﬁding a sulfur target that is useful for

prolonged high~intensity bombardments.
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1. Introduction

The usual methodl) of observing light B-delayed proton emitters

1/2 10—200 ms) has been to.detect the nrotons-in a silicon detector which

'directly vieWS the target in which the . activ1ty 1s produced This method has

several disadvantages: First to obtain ‘8, reasonable counting rate 1t is

, necessary to use high beam currents end good geometry, this leads to radiation

damege to the detectors-—even in systems shlelded from direct beam-- and a
consequent losS'of resolution.v Second the target must be relatively thick

(§ 0.5 to 2.0 mg/cmg) in order to stop the rec01ling nuclei and max1mize the

.yield. The resultlng distribution of rec01l atoms throughout much of the target

contributes an energy spread to the proton groups, Finally, there is an

., enormous flux‘of B-particles from the target which creates pileup difficulties

and obscuree the low energy nortion'of the spectrum. All ‘these effects'comhine
to limit‘the-energy resolution (full width at half maximum—FWHM) obtainable
us1ng standard techniques to about 100 keV ‘ Although the helium~Jet reCOil

technique ) in which recoil nuclei are thermalized in helium and transported

‘via a thin capillary to a collector, has solved_similer_problems.1n some cases,

9, 13

it was not clearly applicable to some nuclei of interest to us: “C, ~70, lYNe, and

3B, These activities might not be expected to stick to the collector with

high efficiency, either because of their chemical properties or their light
mass. |

In-order to study'these activities, or any other activity that couldt
readlly be put 1nto gaseous form, a fast gas—sweeping system 51m11ar to that
used ) in the characterization of the decay properties of 8He was developed

A carrier gas was used to sweep_the ectivity oﬁ'interest.fromlthe target
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transducer which allowed continupus monitoring of thé ﬁimé behavior of the

gas flow. The end wall at ‘the base of the counting volume was kept to a

thickness of 0.8 mm to reduce attenuation of y-rays. A_2—ih x 2fjn NaI(Tl)’detectOr
was used for p;y’coincidence work while singles Y—ray‘data were generally takeﬁv

with a Ge(Li) detector.
W

| 2.2. COUNTiNé.TECHNIQUE AND ELECTRONICS

Figufe 3_is é simplified drawing of thé'electronics."The valvé control
unit started a time routerrwhich‘permitted storage of separ#te energy spectra
for up to eighf time intervals. For example, in the study of 33Ar al} eigﬁf
channels were set at lOO ms. In addition, it started a multiscala: which |
allowed halfflife measurements of a selected proton peak. Counting was Bégun
well éftef the signal to close the valve to the counting chamber héd bgeh sent,
allowiné time.for‘the valve to close. Signals from either the valve céntrol
unit or the time router were fed into inhibit iﬁputs (notvshown.in Fig. 3) on
each amplifier géte. This ensured that only data takenvduring desired counting
periods were stdred.l |

The counter telescope consisted of a phosphoréus—diffﬁsed silicon AE
counter whoée thickness ranged from li-to 50-um and.a 1.0-mm lithium—drifted
E counter. They were cooled to -30°C and operated satisfactorily in an
atmosphére_whoSé pressure fluctuated from about 35 Torr (counting) td 0.5 Torr
(evacuated). As is shown in Fig. 3, the signals ffom the two detectors wére
required to be in fast coincidence (2T = 15 nsec) before being fed into é v
GouldingFLandis particle identifieré). Figure 4 shows a partiéle'identifier ¥7 

spectrum. The structure labelled "B" is believed to be due to multiply-

scattered 8—particles since its relative magnitude deéreases with decreasihg

o
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AE-counter'thiékness} Low énergy electronic cutoffs probably convert the

‘expected exponentisl shape into something resembling a peak. Gates set around

the identified-proton peak help to further reduce the background by eiiminating
these spurious counts.

33Ar is shown in Fig. 5. Note the

A'samplé'delayed—profon spectrum from
extremely low background~levél even at the lowest proton energies. The pulser
resolution (FWHM) in this case was 35 keV while the observed peak-widths of

narrow states were 45 keV.  This greater width for observed states is due

‘ principally'to an energy spredd in this sequential decay cauSed by the momentum

transfer effects from the precediné beta-decay. Similarly a sample gamma spectrum
is shown in Fié. 6.

-The efficiency of the system ﬁas such that ﬁe were able to observe about
one proton perqu of integrated beam current for se&eral different target-activity

combinations. This rate reflects the fact that typical peak cross-sections for

_production of delayed-proton activities are 50 to 150 ubarns7). Rough calcu-

lations indicate that on the order of 10% of the activity that is produced
arriVes in the counting chamber. The proton-detection efficiency of the 65-cc
counting chamber illustrated in Fig. 2 was palculateds) to be

(1,26 * 0.13) x 1073

. At a typical beam current of 3 YA a good identified-
proton spectrum could be obtained in eight to sixteen hours of running while
proton-gamme éoincidence experiments took about two days.

The speed of the system is limited by the speed of the valves and thé

length of tubing used. A typical transit time from target to counting chamber

s 100 ms. 'The'valves are normally-closed, solenocid-operated valves with an

orifice of 6.35 mm in diameter. Even when driven at twice their rated voltage

13

they took 10 to 15 ms to open. In the studyu) of O(Tl/é = 8.95 ms) it was

necessary
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to_use a oneemeter line in order to acﬁieve a time of hb ms from the nominal

opening of valve 2' to full height of the preésure pulse . in fhe.éhamber. The

actual transiﬁ.time may be somewhat shorter.since it is not known“exactly.when‘

the valves'opened. _Aithough such a short-line length permitted less shielding, | s
leadiﬁg to somewhat increased background, the final\proton—spectrum ) wés a

. . 8
considerable improvement over earlier work ).

3. Applications

33

In the course of studying nuclei besides ~~Ar, both solid and gaseous

targets were gsed. In the case Jjust described,.use of-a'gaé'target was g diétinct

advantage since a'solid sulfur targéﬁ céuld not have'withstood the 3vuA 3He beam

for any length‘éf time; “Iﬁ anéther case a gas targef §as the only practicéi pos--
)13 Yk

sibility. The'th(p,En 0 reaction was used to produce 13O. The nitrogehjtarget

gas was introduced by simply replacing the CS2 reservoif by a cylindef of‘nitrogen.
In_ﬁhis'experimént, oxygen was;used as. the sveeping‘gas and fhe inte?gediate.
traps were’bmitted. | | | |

HoweVer, a system that could only use gaSéous térgets wbuld”be'éeverely
limited. Two different kinds of éolid targetsvveré-ﬁsed‘in conjunction with a
short recténgular targét éhamber. Six oxidized titanium foils staéked.O.S'mm
apart served as é target for the l60(3He,2n)l7Ne reaction; helium was>used to
sweep the agtivity to the counfing chamber. The yield for this target was slightly
lower‘thah that obtained ﬁith oxygen gas as a target. Nevertheleés the yield
was sufficient to illustrate the utility of suqh foil targets. A_technique‘for ol

making targets of granular material was also developed. Boric acid enriched in

0 v : '
+ B was pressed (at 141 kg/cme) into 100-mesh tungsten screen. Five such screens

5.9).

were stacked to form a target for the loB(p,2n)9C reaction In this case
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oxygeh‘was uéed as thé sweepigé gas. With thése two techﬁiques almost any solid
material thét ié feSistanﬁ to beém;induced decomposition cén be used as avtarget
with the additional advantage fhaf séveral targets can be stacked together and
uéed simultanebuély. B

As was.shown in the above examples, suitable targeté can be made from
many solid or gaseous materials. This, along with the capability.for yfray
ﬁeasurements, gives the system considerable flexibility. Detaiis of singles
y-ray studies uéihg a Ge(Li).detéctor and p~Y coincidence studies'using a NaI(T1)

detector are given in Ref. 5. Thus, this system should prove useful not only

- in investigatidns of light nuclei but also in studies of all rare gas nuclei

with half-lives ranging from minutes to milliseconds.
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Figure Captions

Fig. 1. A schematié diagram of the apparatus used for the production of 33Ar

from the reaction 328(3He,2h)33Ar. .The sequence of velve operation is shown

at the botﬁoﬁ: :valve open fimes are indicated.

Fig. 2. A schemgtic drewing of the counting chémber used for both delayed-
proton and y-ray studies. The spacer gsédvto confine the gas:to the region
viewed by the couﬁter feleScobe is sho&n cross-hatched. |

Fig. 3. A éimpiified eléctronic diagram of the system used forbprofon singles
and profqn;gamma coincidence‘étudies. Aé a check for very low-energy
ﬁrotons 6r alpha.éarticles, all particles that stopped'in the AE counter
wefe recdrded éeparately. | |

17

Fig. 4. The particlé—idenfification spectrum following = Ne decay obtained

using a 36-um AE counter. The structure labelled "8" is discussed in the
text. »
Fig. 5. Spectrum Ofvdeiayed pfotons ohserved followihg 35-MeV 3He bombardment

of CSQ."The use of a 1lh-um AE detector in the counter telescope permitted
identification of protons having energies as low as 1.3 MeV. All numbered

33

peaks except no. 11 are identified with the decay of 173 ms-""Ar. The

peaks labelled 17Ne result from the l60(3He,2n)17Ne reaction on oxygen

target impurities.
Fig. 6. A y-ray spectrum taken with a Ge(Li) detector following 3He bombardment

of 082. The 511-keV Y-ray has folded over upon itself several times. In

addition to further charactefizing the decay scheme of 33Ar, megsurements

like this led to an improved value for the half-life of‘3hAr. (See Ref. 5.)
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