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" ABSTRACT

The positrondecay partial half-livesof 143pmand 144pmare needed to assessthe
viabilityof elemental Pm as a cosmic-rayclock.We have conductedexperimentsto
measure the 13. branchesof these isotopes;we find _* branches of <5.7xl(Y8 for
143pmand <8x10-7for 144pm.Thoughthese branchesare a factor of 20 lowerthan
the previousexperimentallimits,the resultingpartialhalf-livesare still too uncertain
to permit any firm conclusions.

1. INTRODUCTION

The mean confinementtime of cosmicrays withinthe Gal_oojcan be de-
termined bycomparingthe cosmic-rayabundancesof suitablylong-lived radioactive
isotopesto their stableneighbors.For heavy elementsthe currentstate of the art in
cosmic-raymass measurementis not sufficientto resolvea radioactive isotopefrom
its immediate neighbors.This difficultypromptedDrach and Salamon (Drach and
Salamon, 1987) to considerthe possibilityof usingthe elemental abundar,ces of Tc
and Pm, which have no stable isotopes, as cosmic-rayclocks.Tl_ey were able to
make reasonableestimatesof the cosmic-ray half-livesof 95Tcand 96Tc, basedon
the average value of log ft for ali well-establishedsecond-forbiddennon-unique
transitions(see also Hindiet aL, elsewherein these proceedings).For 144pm,how-
ever, the relevant 13. decay is a third-forbiddennon-uniquetransition,and there was
only onetransitionof similarforbiddennessonwhichto base the 13. half-life.AccorC
ingly the half-life estimates for Pm were too uncertain to permit any conclusions
aboutthe suitabilityof Pm as a cosmicray clock.The currentexperimentallimitson
the I3. partial half-livesof 143pmand 144pmare an order of magnitude lowerthan
the most conservative lowerlimitsconsideredbyDrach and Salamon. If these half-
lives turn out to be (much) longerthan the mean confinementtime of the cosmic
rays, then ali the (cosmic-ray) Pm isotopeswould be electron-capture-decay-only
isotopesandtheirabundancecould then be usedas a probeof cosmic-rayaccelera-
tion and of densityvariationsof the mediumtraversed by the cosmic rays (Drach
and Salamon, 1987, andreferencestherein). Promptedby these considerations,we
have attempted to improveon the currentexperimentallimits on the 13. branching
ratiosof 143pmand144pm.

• 2. EXPERIMENTAL PROCEDURE

2.1 SourcePreparation
. The 143,144pmsourcewas producedby bombardinga 0.25-mm-thickPr foil

with a beam of 30-MEV o_particlesfrom LawrenceBerkeley Laboratory's 88-Inch
Cyclotron.The beam current was 4 pA and the durationof the bombardmentwas 5
hours.Two weeksafter the irradiation,the targetwasdissolvedin concentratedHCI;
a few drops of concentratedHNO3 were added andthe solute was run throughan
anionexchangecolumn of AG1-X8 resin.The Pm was precipitatedfrom the result-
ing solutionwith HF. Twosamples were prepared,one which was counted at that
point,and anotherwhich wascountedapproximatelythree years later.



The setup and procedure
_/'2° 265 d for the two sets of measurements

_"_ l_ m were very similar. Here we givethe details of the experimental

3/,2- ,_ v4_ _ procedurefor the last set meas-
'_ " urements.

] 2.2 DecayRate Measurements
qEc = ]043±3 keV The decay schemes of .

143pmand 144pm are shown in
7t/2" 0.0, 61.3"7..

1_Nd Figs. 1 and 2, respectively. For143pmwe sought to measure the
positrondecay rate to the ground

Fig. 1"Decay scheme of 143pm Level energies sate by recording coincidences• between the back-to-back 511-
are in keV. keV annihilation photons; for

144pmwe soughtto measure the
13. decay rate to the 697-keV state of 144Ndby recordingcoincidencesbetween the
back-to-back 511-keV annihilationphotonsand the 697-keV -f ray. The sourcewas
placed between two intrinsicGe (Gamma-X) detectorsplacedface to face. The Ge
detectorswere positionedat the centerof an 8.25-cm hole in a 30x30-cm Nal detec-
tor. To reduce the count rate due to Nd x rays a 1 mm Cu absorberwas placed in-
frontof each of the Ge detectors.The attenuationof Nd x rays also preventedthe
summing of the 477-keV 7 ray (withthe Nd x rays) intothe 511-keV region.To re-
duce coincidencesdueto 7 rayscatteringfrom one detectorintoanother,3 mm-thick
Pb sheets werewrappedaroundtheGe detectorsand placedin betweenthem.

The energy and fast timing signalsfor Ge-Ge and Ge-Ge-Nal coincidences
were digitized and recorded event-by-eventon magnetictape for later analysis.The
source was counted in the above configurationfor 14.5 days; after that period the
sourcewas removedand backgroundwas countedfor 6.8 days.

The efficiency of the system for detecting back-to-back511-kev photons
and 511-511-697 coincidenceswas determined using calibrated22Na, 6°Co, and
137Cssources.The resultingefficiency for 511-511 coincidenceswas (1.37±0.12)%,
and that for 511-511-697 coincidenceswas (0.389±0.034)%.The absolute decay
rates of the 144Pmand 143pmactivitieswere determined in separate singles runs
withthe sourceat a distanceof _.15cm fromthe detector.Figure3 showsa sample
singlesspectrum of the source. For these singles runs the efficiencyof the detector
was obtainedusingcalibrated133Ba,r:_3oand l_Eu sources.At the startof the last
set of coincidence measurementsthe activity of l'_:_m was (0.180¢-0.005) i_Ciand
that of 143pmwas (0.526¢-0.032)l_Ci.For the firstset of measurementsthe activity
of 144pmwas (1.4±0.1) izCiandthat of 143pmwas (8.1+0.5) i_Ci.

3. DATA ANALYSIS AND RESULTS

The magnetictapes were replayedto generate five two dimensional(2D)
coincidence histograms:(1) Nai-Ge gated by 511-keV y rays (detectedin the other
Ge detector), (2) Nai-Ge gated by 618-keV y rays, (3) Nai-Ge gated by 697-keV -f
rays, (4) Ge-Ge, and (5) Ge-Ge vetoed bythe Nal detector.From 1:hethree Nai-Ge
2D spectra-onecan then obtain(project)Nal spectragated by twc,-f rays (one de-
tected in each Ge detector),one with an energy of 511, 618, or 697 keV, and the
otherwith any desired energyE. Figure 4 showsNal spectra gated by (a) 511-511
(b) 511-495, (c) 511=527,and (d) 618-477-kev y rays. Figure4 (d) demonstratesthe
abilityto isolatethe 697-keV "yray in the Nal bydetectingit in coincidence with ac-
companying radiation. The spectrum plotted in figure 4(a) shows no conspicuous
evidence for the 697-keV -f ray gatedbytwo 511 keV -f rays.The peak at 1274 keV
in thisspectrum arises from a small (42±4 pCi) 22Nacontaminantin the source. The
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Fig. 2: Decay scheme of 144pm.Level energies are in keV. The weak
(6x10"4%)1396-keV linefrom the 2093 (5") to the 697 (2+)states is not
shown.

lines below= 1000 keV are not associatedwith two 511-keV 1'rays, but rather with
the continuumfalling withinthe two 511-keV gates in the Ge detectors(fig. 3). This
is demonstratedbyfigs.4(b) and4(c), whichshowthat essentiallythe same linesap-
pear when one of the Ge gates is set, respectively,below and above the 511-keV
region.The continuumin the 511-keV regionarisesfrom Comptonsof the 697-keV 7
ray (Compton edge at 509 keV) and1'rays of higherenergyproducedin the 144pm
decay, and from the summingof the 477-kev or the 618-keV 1'ray with the Comp-
tons of any of the other1'rays producedin thecascade.

A Nal spectrumin coincidencewith true 511-511 coincidences(i.e., with the
contributionof the continuum underneaththe 511's subtractedout) was generated.
The area of the 697-kev peak was extractedfrom a fit with a Gaussianplus linear
background.The resulting_+ branchfor 144pmis_0.9¢1.3)x10-6.

The I_+
branch for 143pm

lo' .... ' g_ : , " ' .... { wasextracted from

,_ _ ,o"_' -! the number of 511-
1Oa _-_1 I_ _SinglessIx_trum 511 coincidences

> sd' © r. o= recorded in the Ge
0_ detectors,vetoed by

_.104 __l©'r ,r z g the Nal. After

.. _ = ,_1 _ _ subtracting the re-
s°_ {_l_ mainingcontribution• of the 22Nacontami-

so= - _ nant and the back-
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Fig. 3: A sample singlesspectrumof the 143,144pmsource.
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The J3. branches extracted
from this weak source confirmthe Nai spectra gated by two 3' rays
resultsobtainedfrom the first set of tooo
measurements, which were 8oo
<5.7x10"8 for 143pm and <8x10"7 6oo_- Jt . r-',t -
for 144pm. For 143Pmthe limit is 4oo
determined by background and
unvetoed (contaminant)22Na 511- 2oo
511 coincidences;sincethe relative looo
contribution of these was smaller 8o0
for the stronger source, the ex- >= 6oo
tracted limit was correspondingly "_ 40o
lower. For 144pm, on the other
hand, the limit is dominated by co- _ 10oo
incidences betweenComptonsof y _ 8o0 " (e) 511-527
rays which ariseform 144pmdecay, _
(i.e., the "background"scales with "_= 6o0 i_ _ .

the source strength)and hence,the 8 40o _= -
stronger source did not give a moo
correspondinglylowerlimit, l_(xx)o

From the lower set of limits -t I-- II, (d) _t"/_-618
on the I_. branchesone obtains 13+ 100000
partial half-livesof > 1.3x107 yr for
143pmand > 1.2x106 yr for 144pm. 5oooo
Althoughour limitson the branches

are approximately a factor of 20 °o _o looo l_x_
lower than the previousexperimen-
tal limits (Varga, Berenyi, et al., E_a_(kev)

1967), the resulting13+half-livesare Fig 4: Spectra recorded in the Nal detector,in
still too uncertain to establish Pm coincidencewith gamma rays in each of the
as a good cosmic-rayclock, or as two Ge detectors.The gamma ray energiesin
an EC-clecay-onlycosmic-ray ele- the Ge detectors are (in keV): (a) 511-511, (b)
ment. 511-495, (c) 511-527, and (d) 477-618.
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