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I. INTRODUCTION

Calendar 1975 saw the initiation of a majpr new research
project at. the Van dé Graaff, in collabbratioh with Nuclear
Physics Laboratory persén’nelT (See A, Heavy-Ion Fusion Reactions,
below.) In addition, the gquilibrium‘charge;state distribution
project at the Van de Graaff,ﬁas progressed to the completion of
data taking and the beginning of the analysis of shell effects
(section B, below). \

Among our studies not involviné the Van de Graaff, the
generalized statistical examination of low-level cqunting data
has been completed and submittéd for publication (section C, below),
wﬁile.the measurements of total strontium apd'radiostfontium in
marine molluscaﬁ shells has progressed throggh tﬁe develdpment of
" reliable analytical and'radioanalyfical proéedures, so that routinized
analyses of ﬁany:specimens can be ma&e (section D, belbwj. |

Also described in this report (sectioné‘E and‘F) are the
substantial improvements in radiocactivity counfing, target preparation,
and.Van de Graaff source facilities which were accomplished during '
1975. Finally, (section G), a brief summary is given of the ex-
tensive computer usage by our group dufing the ygaf.

'All the new equibment deséribed in sections E and F was obtained

with non-ERDA funds: from the Pennsylvania . Dept. of Property and
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Supplies' fund for equipping the. Chemistry Department's 'new building.
All of the computation described in section G was paid for by the

University out of the indirect costs associated with its research

contracts.




II. SUMMARY OF RESEARCH

A. Heavy-Ion Fusion Reactions

During the past year, a heavy-ion induced complete fusion
experiment was initiated. . This project involves the formation of

the compoﬁnd nucleus °°Cr through the following five entrance

channels:
Target ‘ Projectile
26Mg ) zuMg
27Al f‘ 23N
SI.P ’ 19Fv
329 18y .
5501 15N

Bombardment energies range from 20% below the coulomb barrier to
the highest energy attainable with the three-stage tandem Van de
- Graaff. The effect of the entrance channel on the limiting angular

momentum, £ » which characterizes the fusion process, is being

crit

.ihveéfigated.

Table Al shows the five systems under study - in thié experiment;v.
along with séme important parametefs for eacﬁ éystem; In the exéhple
of Table Al, the incident energiés of ali'the ppojectilés were chosen
to gi?é the 5°Cf compouﬁd nuciéus an eicitation energy of 45 MeV.

The excitation energy of all five systems will oveflap within the
eneréy range to be studied. Also, the grazing'éngﬁlar_momenta'are

very nearly equal. Identical compound nuclei should therefore be



. - TABLE A1 Target-projectile syétems utilized

" in complete fusion reaction studies.’

TARGET PROJECTILE  V_(MeV)  Q(MeV) E (MeV) E_ (MeV)




“being considered, the 2,

7

formed from all five entrance channels, permitting one to isolate

- any effects due to the entrance channel. In each case, the limiting

angular momenta_lBéSS calculated from the Bass model [Nucl. Phys.

A216, 386 (1974)] are sighificantly lower than ¢ 'This ex-

grazing’

" periment should therefore be the first test of the Bass model in

this energy region.  If the Bass model is obeyed by the systems

Pit values will differ by only two units

of angular momentum. Detection of this small difference is expected

to be difficult, but not impossible. (For further détails of the
rationale and pufpoéés of these éxperimenfs énd of the experimentél
arrangement, se€ the accompanying Proposal for Continuation.)

‘Thus fér, two successful,préliminary ruﬁs have been perfbrmea
on this experiment. The firét of these runs waé a shake-down run,

in whichAtheAreaction of 0 on 27A1 was observed. This particular

target-projectile combination was chosen because experiments involving

direct reactions on this syétem had already been pérforﬁed at the.
Nuclear Phy;ics Lab. It was feit that this sysfem would provide a
severe test of the detection system, fhe electronics, the'ﬁata
acquisition program aﬂd the data anélysis program. (Details of these
can'bé found in the accompanying Proposal for Continuation.) |

During this run a few problems were discovered, some of which were

solved by minor modifications in the experimental setup while others

required hardware modifications of the ADC. It is currently felt
that all of the problems discovered during the initial shake-down

run have been satisfactorily solved, and extensive testing since

"this run has revealed no new problems.

‘The second run was devoted to the development of a ?“Mg beam.



 In preparation for this run, a MgO cone was fabricated and installed in
tﬁe UNIS source. Theé output from thié'cdne'was'mass-analyzed By a 20°
inflection ﬁagnet prior to injectidn into the_Van.de Graaff. At this
poinf, 600 na of Mgo— were observed. After acceleration, however,
" onily 6;016 na of Mg’+ could be tﬁned‘into the. scattering chamber. This
waé a large enough amountlof beam to verif& that magnesium was being
accelerated, But not enough to attempt a nuclear reaction experimenf.
The extensive computer work which has been done in connection with
this'experiment.is summarized in Section G, below. Further runs have
been écheduled and the experiment is to continue in accordance with‘

‘the accompanying Proposal.




B. Eqﬁilibriﬁm Charge-State Distributions of Heavy Ions

'During the past yéar, equilibrium charge;state diétributions have
.been measured for accelerator-prodﬁcéd *®Niand “®Ti ions. The dis-
.tributiohs were measured at 0° for ions passing.through QQ.ug/cm2 self-
éuﬁporting carbon foils at a‘series of energieSgréngiﬁg_fmelg tb 72 MeV.A
The experimental arrangement was the same as -has been dgscribed previously

(C00-3427-10).

\

The measured charge;state distribﬁtidngééffééﬁi~iéhs abe shown in

~ Table Bl ana are plotted as a function. of ehefgyiiﬂ;ﬁiéﬁfe‘Bi{ The anaiogﬁué
data for.“éTi iohs‘aﬁe shown ‘in Table B2 ah&'are'piétféd-in Figure B2..

The mean charge Q, the distribution width d, and the gskewness of the
distfibutions are also included in tﬂé tables.

As e#pected, the ﬁean charge of both ions iﬁcreaséé‘ﬁith-increasing
energy,.the SeNi distributiops exhibiting a mean gharge higher than the
“8Ti distributions at the same energies. |

The horizontal spacings between the curvesvof Figs.B1 and B2 may be
thogght of as corresbonding'to the added energy required to femove a
givén eiéctfon from the ion after theipfevious electron ﬁas beén removed.
Figure Bl shows that for ®°®Ni ions, the spacings between the positively
sloping parts of the curves are approximately constant until the charge
18+ is reached, at'which‘point the spacing increases dramaticall&. The
l§+ > 19+ transformation corresponas to the crossing of the'M4L shell
juncture. When the charge state 18+ has been achieved, the M shell has
been completeiy emptied; in order to reach higher chafge-states, electrons
must bé rémoved from the L shell. Since L-shell electrons are more tightly
" bound than M-shell electrons, more energy must be expended to remove thém

from the ion. The energy spacings within a given shell, however, appear
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Table Bl: Equilibrium charge-state data for 3°Ni ions. Column headings
: are identified below the table.

fe 94 10+ 11+ 12+ 13+ 144 15+ 164 17+ 184 19+ 20+

0,12 40,03 5,00 14,77 25,39 25,18 17,21 8,24 2,02 .50 wahah sashd kdsnn
0,01 0LVL V02 0,06 0,11 0,12 0,08 04,05 0,02 0,01 sadns #axaha drass

D406 0,95 S,41 11,44 22,54 29,808 20,16 10,91 3,98 0,97 0,15 anwts arats
0,01 Oont 0,03 0,18 0,27 ¢,31 0,28 0,13 4,08 0.U1 0 Ul Axadkd sraxa

wtkax 0,08 0,38 2,31 7,85 16,22 22,60 22,84 16,45 8,29 2,80 0,21 .01
axxat 0,01 U Uy g,01 C 06 0,12 V20 020 Gelld VeUB 0,02 u.61 Gt

wrkxk kxeaxx U,05 0,40 2,00 6,24 12,96 20,27 23,55 19,89 12,22 2,16 0.2S
tkaaw Faake U, 01 0,0t 0,02 0,V7 0,14 0,82 0,25 U,p2 0,13 0,02 0.0t

axwak kanax 0,01 0,18 1,13 3,97 9,60 16,99 22,78 22.92.17.60 4,14 0,82
wtkan akdax Uo01 0,01 0,01 0,02 0.,V4 0,06 0,08 0,07 0,u6 (1,01 0,01

AR AR RANRE RRARS 0,07 0,46 1,91 5,58 12,00 19,75 24,80 25,04 8,50 {87
tkhen Kakax akane 0,0! 0,01 0,Y1 0,02 0,05 V,UR U,08 0,08 0,02 0,01

KEkax Khkkkh Wkekx wxxre (24 1,16 3,76 9,12 16,92 24,59 29,22 11,67 2,90
A¥apk KARAR aRens arwax 0,01 g 01 0,U2 0406 0,11 (elb 0,18 007 0401

FrNAR Ahkhah Rrake antrx 0,13 0,69 2,49 6,68 13,HB 22,92 3,72 15,864 4, 81
Armax kkdhy xkagaa wxxxa 0,01 0,01 0402 0409 U,07. 0,1t 0,18 9,7 €,01

AREAk Aakkd ARERy tt-}a wxxna 0,31 {30 6.09 10,11 19,78 35,24 20,99 6,13
RAAgk Raxkae AXARy paRkAt Lunid () U1 0,01 003 0Ve0bh Qe .18 0,11 t,03

NEked RAKAk ARaky wkhRR AARRR U, 06 0,3k 1,68 5,00 13,31 30,063 27,87 15,12
ARAah Aaakt A¥aky warkx warxer 0,01 0.0 0461 0,08 0,07 0,16 0,15 0,08

Column heading symbols: E = ion energy in MeV, QB = mean charge, D = width of the

- distribution, 3 = skewness of the distribution. Errors are listed directly under

the charge fractions.
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figure Bl: Charge-state abundances of >°Ni ions equilibrated
in a carbon foil. :
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Table B2: Equilibrium charge-state data for “°Ti ions. Column headings are listed below
Q g ! .

Se

0,42
0,01

0,04
0,01

A hak
[ 2 2 X2}

1YL

LR X X2 |

thkkan
LA A X2

dtiﬁa
22T

L2 2 XY
rhhak

L &8 X2 ]
LA RS

the table.
6+ 7+ B¢ 9 1os - 114 12+ 13¢ 14+ 15+ 164 17+

2,91 9.9%0 18,67 23,96 22,22 15,02 6,21 0,68 asra anwss Ahrey edsei

0501 0,U8 0,07 0,09 0,10 0,07 0,03 0,01 wande axtas *hpkk sawtn

0,98 2,89 8,15 16,30 23,28 25,13 18,95 4,206 0,48 0,03 wxurs wawne
'Oynl 0,Y2 0,05 0,09 (.12 0412 0,U8 (0,01 0,01 0,01 eaanx wanas

thank kkxkke 0,59 " 3,31 9,44 ZO.BU.BQ.SbAZZ.lb T.66 i,3u Oolt wawwn
axakn 2%anp 0,01 0,01 0,03 0408 0416 0,11 0404 0,01 0,01 asrana

*hess wxxa 0,05 0,40 1,76 6,91 22,09 31.35 24,47 10,43 2,31 0,2%
ktgkk s¥aaa 0,01 0,01 0,01 0,03 0at0 0,15 0,13 0,06 0,¢1 0,01

*Aawn mkkka awran 0,08 0,51 2,74 14,18 27,61 29,95 17,91 5,89 1,10
RALEx wkghye wharn 0,001 0,01 0,01 0407 0,14 0,17 0,11 0,04 0,0t

Thhkar ARPky wwwtn wkktx 0,32 1,90 10,02 23,32 30,63 22,39 9,29 1,97
RREKy AR Nen ARRAE Ghkakx O, U1 0.l 0,06 0,18 0,16 0,10 0,63 .01

hkar NAKEa wAaERA dxadd wanxr 0,85 5,67 17,04 29,02 27,65 15,06 4,22
Rehky ARgue sReFk wdxkn axr¥e 0,01 0,03 0,10 0416 0,18 0,07 0,08

HAKAR ARECL wkkEh akake khkras 0,21 1,70 6,79 17,47 27,78 28,06 14,93
Rathka Shady ahdh® dawae kakgsr (0401 0,01 w02 0,07 0,12 6G,14 0,08

18+

LE 22X
L3 2 2 X

L2 2 R 2
LE 22

Rk Rd
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kN ki
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Q.OU
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Column headings symbols: E = ion energy in MeV, QB = mean charge, D = width of the distribution,
S = skewness of the distribution. Errors are listed directly under the charge fractions.
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Figure B2: Charge-state abundances of “®Ti ions equilibrated
in a carbon foil.
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toAbé constant.

Thelmaximum heights of the charge-étate.éﬁbQéé of Fig. B1-are séen'
to increase aé nickei;s M sﬁell is‘emptied, the 18+ peak being consideraﬁly
‘higher than the lower charge-state curves. This can be ﬁﬁderstpod in
'terms of competition, the removal of the nineteenth electfpn (the'first'h
glectron) being sﬁppressed by the larger energieé required for fhe rémoval
of L electrons, leading to an‘enhancement of the 18+ abundance.

.Figure B2 is a plot of chafge fractioq‘zg, energy for “®Ti ions
equilibrafed in carbon. In this figure, the sﬁacings between the positively-
sloping portions of the curves increase Befween lé+ and 13+. In titanium,
the 12+ ion ﬁas a‘completely emptied M sﬁell; removal of the first L shell
electron is required to achieve a charge—éfate of i3+. Aé in the nickel
data, the peak of the curve corresponding tb the emptied JeTi M sheli is
higher than for the lower charge;staté cufves.

Although éharge—state distributions are genéfélly.éssumed to be
gaussian, there are a number of factors that may éause deviations from
-fhé gaussian shape. Aﬁéﬁg thése are density-effe¢ts an&.ﬁultiple electron
loés during single collisions. Deviations in certain‘energy regions may
élso be ascribed to the electronic structure of‘the ions: if soﬁe éiectfons
are unusually difficult to remove, for example, the result will be a
skgwed distribution. o

A semilog plot of,the_rafio F(Q+1)/F(Q) against Q, Qhere Q is the
jonic charge state and F(Q) is the charge fraction:of state Q, should be
lineér for aApure géussian disfribution. Deviations from gaussian shapew
tend to affecf_the linearity of such a plot quite sensitively. . Figure B3
shows the 38Ni data plotted in this ﬁay. The curves aré all reasonably

linear at low charge states, but a sharp break occurs at every energy

at E(lg)/F(lS), the position. of the M-L shell juncture.
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Figure Bu i; a plotr of F(Q+1)/F(Q) ig.Q for titanium ;ons.
Ih this‘case4thefe is 2 break at QA: 12, (F(lé)/f(l2)).correqunding
to the M-L shell juncture in titanium. Another break in fhe curves
seéms to be present at Q = 17, which doeé hof correspond to any
obvious feature of electronic structure and is yet to be ex-
pléined. |

After a beaﬁ of ions has achieved charge—stéte equilibrium,
the charge-increasing processgand the charge-decreasing processes

are balanced for each charge. This condition may be expressed as

°q(loss) = _E@Q)
6Q(capture) " F(Q-1)

where 0 is the electron .capture or loss cross section. Thus
the ratio of tﬁe 'probability of loss of electron Q to the
probability of its capture is equal-to the ratio of the charge
fractions. When the ratio equals unity, the caﬁtdfe and loss

probabilities for electron Q are equal and the electron may

Bé'said to be in equisection.' g ' ,

- Figure BS shows the charge-fraction F(Q)/F(Q-1) as a
function of ion velocity for 3eNi ioné. Cdmparing the Qelocity
' spacings between the lines at a constant charge-fraction ratio,
particularly at the equisection veiécity at which F(Q)/F(Q—i) =1,
one can'see that the lines areiéeparated by an approximately

constant velocity for electrons within each shell, but that

between the F(18)/F(17) and the F(19)/F(18) lines, the velocity

spacing is much bigger. If these spacings can be interpreted
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'as the addltlonal 1on velo01tyfrequ1red.for an.electron to achlevei
Ta glven loss-to capture ratlo (for example, unlty) after the pre- ’
i-c{ceding ‘electron has done so, ue agaln see the L M energy .:
'separatlon reflected clearly in the charge state behav1or of o
the ions. | | |
Flgure BGls the “°T1 data plotted as F(Q)/F(Q l) vs - veloc1ty
'The same spac1ng increase between shells may be seen here as 1n
the_’“N;.data. The large spaclngyln ¢ Tl occurs between the
'h"ftl2)/F(ll);and P(lé)/?(l2)llines, agaln correspondlng to thef
L- M shell boundary - ' h . _f”‘ ‘v'i 'A. Vj‘ :
| Although these ‘data’ show only gross effects of shell structure
. on: charge state dlstrlbutlons, there 1s ev1dence 1n the data of
.p0881ble f1ner, or sub-shell effects. These are currently underi
A ‘1nvest1gatlon Moreover, 1t appears that the llnes in Flgs. B5
and B6 may converge to a p01nt or p01nts at some hlgh veloc1ty
'for velocitles.A The data are currently belng analyzed statlstlcally
:‘to determlne if such convergence p01nts actually exlst. If so,,a
knowledge only of the convergence pOlnts, the;veloclty separat;ons‘

at, equlsectlon, and one charge7state dlstrlbutlon would sufflce

',,to reproduce the complete equlllbrlum charge-state dlstrlbutlons

of one ‘or more heavy ions at any energy._ Thls uould,.of course,
be'an;extremely powerful t6olffor{uorhers in heavy-ion”acceleration
technology. Attempts are thereforeiunder &éy in our‘laboratory

to seek theoretical justlfication‘for the~existence.offconvergence

. polnts in charge fractlon ratlo vs: veloCity plots. and, if possible,

‘ to- predlct the convergence p01nts for the varlous electronlc shells.'
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C. The statistics of Low-Level Counting

A statistical examination of low-level, or background-
dominant, counting of radieactivity, reported upon briefly

in last year's report (C00-3427-10), has been completed.

The objective of this work was to provide a consistent,

statistically defensible, practical guide for counting tech-
nicians in the field of ménitoring very low levels of activity.
' The role of. very low levels of radioactivity in physical
and ecological systems is attracting an incfeasing amount of
attention as nuclear power .increases . in imporfance throughout
the world. Any conclusion which may be drawn regarding the

importance of very low levels of radioactivity in the environment,

‘however, must ultimately be based upon quantitative counting

measurements on samples, the gross activities of which may be

"vefy close to background or to the activity of a blank sample.

In such background-dominant situations, both the design of the

counting experiment and the interpfetation of the data must follow

"statistically defensible procedures if the conclusions are to be

‘meaningful. |

Two questions are of primary practical impoftance: "Does
the sample'exhibit a net‘activity above background?" and "Is the
sample's' activity below some predetermined acceptable limit?"

The first of these quéstions is of importance in studies.of very

long-lived, naturally-occurring radionuclides;‘while the second

can be of vital concern in environmental monitoring. Statistically

Qélid prescriptions for the optimal design and interpretation of a
counting experiment to answer these two questions do not appear to exist
exﬁlicitly,Ausing consistent formalism, in ény single location’

in the literature.

In a previous treatment of the first question, '"Does the

-sample exhibit a net activity above background?", Nicholson has
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developed criteria for acplying. the Gau=sian deacici o mile ta peas
the significanze of a difference between twn Poiseon distriinticnn:
the gross count C~+b of oample plus background, mecarured cvor a.

)
time t
s

+b° and the background count Ct mzasurad

over a time tt' For 2ither Cs+b or Cb, the Poissen distribution
-can be written as

C -y
# e

P(C;u) = _Cl— ,

(1)
- where p is the mean of the distribution of observad counts C and
P(C;u) is the probability of observing CAcounts in a time t.

Nicholson® has shown that for a desired level of confidence

100(1~a) of less than or eqdal to 99% (i.e. for a value of «, the

LR

probablllty of incorrectly attrlbutlnp nonaero net activity to the
sample, of > 0. 0‘), the Gaussian approxiration ta the ?oi?:ﬁn 11 -
tributicn g adaquate when (t +b/tb)ub 2 50 and (t b’tb) 1. Usines
this approx1natlon, he thnn presents a d°c1s1on rule by which the

hypothe81s of nonzero sariple act1v1ty can bn tested in terms of

t and t. .

Cb’ s+b “h

the actual observable.quantities Cs+b’

éurrie'ﬁasipresented a more thorough examination of thc_conceyt
of aetectability of net activity, pfesenting an unambiguous
definition of the "limit of detectability". 1% is Formulata,
however, in termé'of the unqbéervable parameters v and s the
means of the net and background count distribution«, rospecbive Ly

{
~The.present treatment may be fhouqht of an o an cmtended e

amination of the cotcept of detectability, Imt auxpren=ed in teyns

of observable quantities (designated by Latin symbols), clearl-

distinguished from unobservables (designated by Greel «<uvmbolz),




Moreovav, we extend the treatment tc the auarstion of whother “Q'n@ﬁ
the samplé's net activity axceeds some predetarmine limis.  Tho -
results of thls treatment are pr santed in the fﬁ-ﬁ'of arapﬁsiaﬁﬂ
step-by-step prnscrlptlons by whlch the experimenter can rrezelect
countlng tlmes (or numbers - of accumulated counts) in order to re- .
solve elther cf the two ouastlons posed akove v"h a2 desired lavel
of confldence -

In the present rébofégfwe-present only a brief summary 2f the .
methoditégether with the reaults for a 95%'level df.écnfiﬁen:e._
The complete tneaFment;Atogether‘withagraphical data for othor

~choices of confidence level, will be published. T

CASE I. . DOES THE SAMFLE EXHIBIT A HET ACTIVITY

ABOVE BACKCROUND°

The quantity sought in any counting expériment i5 0, the

clutse

(u

"true count rata”,ob,the ”trae disintegration rate” if ab:
~counting is‘being dane.- The problem is to relate. the measured
counts C +b ana'Cb<to_pﬂ To this.end "we pose the null hyrcthesis
"o = 0" and derive a decision rule by means of which it can be
tested. The risk of false detection of activity, i.s., the
prpbability that the hypothesis is rejected when it ‘iz really true,
is designated a. (This is commonly referred to as a JT?né I

.error'.) We also define a quantity Q s the mean vrebability of

~.detectlon, a function of o and u, and hence of the ob: srvablon

Cs+b and Cb' This quantity is analogous to one which iz uszi

in the statistical interpretation of power spectra, In the
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present context Qd is the probability of datectin: 1 +sui Dedamoer s
activity, while Od is the best estimate of O, derived fram thya
observed-value of Cs. -The two quantities « and T, rerresentins

the risks ofAfalse detection and non-detection, égé'invcrsly
‘related. For a fixed éounting time, that is for a given u, a

decréase in the risk.of.false detection entails an increéséilri:k

of non—detection; a dc=cr~c’as‘= in both requlres an inzreasze

in the.total ccuntlng tlme.»_U51ng the Gausszian,
appr§x1mathn and 1ntegratlpg over the~di;fribution

by means of a Simpson numerlcal quadraturv,‘we cbtain 65 as’'a fUnctiAn
of thp ratio of C to 1ts'standard deviation. Then,, ﬁpplying the
criterion of Loevinger and Bermaﬁi'for obtaining a given relative

+ t

"precision of C in a minimum amount of fountlng time t B

s+b

e calculate and’ plot as a function of R, the ratio of gross to
net countlng rates, The total number of grocq counts which the ex-
perimenter must accumuléte in order to‘obtain-a result with the
desired prébabilities a and aa. Using these data,Athe dezision fule
of.Nicholson%‘is then applied‘to_determineAwhether, witﬁ'the chosen
degreé:of certéinty, thg sample is active. ngurgéi'is a rplot of
the results for the most common cﬁoice of a (51:0.05); and various
cﬂoices of'aé? The ratio R is determined from a pfeliminéfy.
heasurement of approxlmatély 300 counts each on the sample And on
background

Thus, to determine whether a Samﬁlé exhih@ts a net activity
above background:-

(1) Choose a value of a, the desired maximum probability

of falsely concluding that the sample is active when it
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Fig. C1. Estimated gross count (C ) which is necessary to

Curves are for values of
(reading upward).

: : B

achieve various mean probabilities o?
when testing a sample for nonzero net
gross to background count rates from a preliminar

detection (Q.) fora = 0.05,
R7is the ratio of

Yy measurement.
0.80, 0.85, 0.90,A0.99

0'?5;

activity.

Q, = 0.75,




~

actually isn't. Choose also a value cof &,

thee o i=am

acceptable risk of non-detection of activity. Thon, - i=
equal to 1-f. .
(2) Perform a preliminary measurement, of aspromimately 300

counts each, of the gross count CS and ths background count

+b

t and t

o Cy. RecQPd C Cb, <+b

b. “s+b’ b’
(3) Calculate P from the equation
= (C . A .
Ro= (C_, /t )./ O/t
of Fig.Cl, aczumulate approximately 300 counts move for

Cs+b and.Cb and recalculate R from the combinad (6N0-count)

values. -
(4) If the chosen value of a isl().OS} enftr Pir.Cl
to obtain an estimated value of

the required number of gross counts CS (Curves for cther

+b°

values ‘of a and 0, will appear in the published work.) The

corresponding number of background counts Cb is obtained from

the relation

ol
Cb Cs+b/h .

(5) ~Accuiiulate counts until these values have bhzen reached.

Record Cs t and t .

C
+b” “b7 “s+b b

(6) Apply the fellewing decision rule:

t toon
If the net sample count (C - "5+ C ) ¢ on rC_ ] 4! Sl
: stb  ——="h R I R :

b . h

' accept ¢ > 0O;

Otherwise, accept p = 0.
e s
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Sceme values of n,6 to be used in this decizion vyl e
n = 1.282 for a = 0.10, n, = 1.645 for o = 0.73, and
n, = 2.326 for a = 0.0l.

Case II. IS THE ACTIVITY OF THE SaMPLE

BELOW, SOME PREDETERMINED LIMIT?

In this case, the hypbthesis to be tested is that e exceads

some predetermined (safe) value .- The risk of ‘incorrectly r

It
4}

jecting this hypothésis, i.e., of failing to note that the safe

limit has been exceeded, is . As in Case I, a mean power Qd is

N

formulated for the hypothesis test, the minimum-<counting-time

-criterion of Loevinger and Berman’ is applied, and the equaticns

are solved for the number of counts C4p Necessary for' the chosan

+b

values of a and 5& as a function of observable paramaters deaternined
from a preliminary count. Figure(2 contains the results for o = 0.05

and 6& = 0.95.

Thué, to determine wﬂefher'a sémple's net activitv is balow’
some predetgrmiﬁed Qélue éc:. |
(1) Choosé/a véluélof s, the desired maximum viék of failing
to note that the sample's activity exceedS'oC; AChoos¢ alsn a
:value bf‘B, the maximﬁm'aéceptable risk 6f non%detection éf
: éctivity, Then, 6&1i§ equal to 1-B.
(2) -Pépform‘a pbéliminavy measuremeﬁt, of approsimately 300

J

count C% and the backzround count C .

o}
s

counts each, of the gross +b

Record Cs+b’ Cb, ts+b and tb.
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achieve a specified mean probabili%y of a correct decision

regarding how p_compares with a reference value p
are labeled with their corresponding values of Ra.
and R, are obtained from a preliminary measurement.

. The curves

Values of R
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©"(3) Calculate R and R, from the followiﬁﬁ éﬁﬁnxiohsi
R = (Cs+b/ts+b) /'(ps/tb)
and
Re = pc/(cs+b/ts+b"— Cb/tb)7

"If R andR, do nnt differ enough from umity fo,p&vmit the
use of Fig. €2, accumilate approximately 300 counts more

for C_ . and C, and fecalculate-R.endhﬁz Friom thi- ~ambine
s+b b S S

(600-count) values.
“(u) If the~¢hosén valugs.of a"aﬁd,@é aré;0.0é amﬂfoxéig"
respectively3'énter'Fig.CZ.té~dbﬁaiﬁ;an ésfimatediunlud-cf

the required number of gross counts CS_ (Curver for other

- . +.b - N
‘will appear ih.the.pubiished work.) The

Qalues of ¢ and Qd

. corresponding number of background counts C_ is oltainsd fran

b .
‘the relation .
Cb = C$+b/R <
(5) Accumulate counts until these values have been reachad., -
Rg;ordACS+b, Cb"ts+b and tb. -

" (6) Apply the following deéisioﬁﬁrqle;

ST PAR TR (SN T CL O

If the net sample count [C

s+b”~
. Accept ng < pc;

Otherwise, accent bé S o o Do

(Values of n tc be used in this decision ruls ave the same ac
“ 5 ‘ .

those given in the decision-rule for Case I, akove.) |
-The reference value pc'may‘be defined either in: thn.;ame farmg

as bs’ e.g., as counts per ninute on the same radiatinon




detector as is.being used to count the sample, or ~u oan aba-slgts

disintegration rate, e.g., in picocuries. In the lat+ep 2a5s, the

efficiency of the sample detector must be measured indapendently
-and the reference value 0, must be multiplied by this efficiency

before being used in the decision rule given above.
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D.' Strontium and Radiostrontium ig_Marine Mollusc Shells

As indicated in our ﬁreviéus'annual report, °°Sr levels in
marine bivalves from the Venezuelan coast are being measured
in an attempt to establish baseline values for this radionuclide
in the area. Our previous work was restricted in both method
and number of samples; therefore, new techniques for the‘analysis
of both °°Sr and tétal;Sr have been developed during the past
year. These techniqueé were gesigned to be rapid, eqsily
adéptablexto fhe %and;ing Offé large number 6f'samplés in replicate
analysés,iandiofffheféensiti;ity:and seléctivity neceséary for
'énvironmgﬁtal samplé;. o

For the determination of tétal strontium, atomic emission
was éhosen because it is sensitive, r;pid and simple. Each
shell sample is first cataloged and its physicallproperties
»recérded i.€., siée, weight, shape), then calcined in a funnape
‘at SOOAC, pulverized, ;ampled and dissolved in coﬁcentrated HC1.
The'solﬁtioﬁ-i%-filteréd ahd then diiuted to a known volume. Since
a shell is a chemiéall? coﬁple% materi;l, the method of standard
Aadditions is used in order to eliminate any extraneous differences
between the standards and the unknown sampleé. fo use this
mefhéd, thg shell solution is.-divided into 5 équal—v;lume aliquots
and to all but one of these, various %nown quant;ties of ;tandard
strontium solution are addéa. The relative emissioﬁ intensity of
* edch solution is ﬂetermiﬁed by aspirating it iﬁto the flame of
the atomic emission spectrometer, and the unknown concentration

is then found by plotting emission intensity against amount of
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added‘staﬁdard. This plot is a straight line, the equation

‘for which is then ascertained by the-linear least squares computer
program SHELL to determine the abcissa intercept, which is the

Sr concentration in the unknown solution.

Thus far: eighteen specimens of Lima scabfa shells from a
single locatiorn .in Mochima Bdy, . .Venezuela. have been analyzed for-
total strontium. The results show substantial differences among
individuals, ranging from 1.45 to 2.41 mg Sr/g ashed shell.
Samples of other'species are also being analyzed for total
‘strontium. ‘Then, °°Sr-analyses of all of ‘these specimens are
ﬁo be carried .out, so that theiﬁ'9°8r'coﬁtenf,éan'be obtained
as pCi °°Sr/mg Sr = (pCi °°Sr/g ashed shell) * (mg Sr/g ashed shell).

90

The levelsSof ~"Sr activity in the shells are being determined
by 'a newly-developed radiochemical separation procedﬁre, in which
the pfeviously—employed strontium nitrate precipitation method is .
replaced by an extraction procedure for the yttrium-90 daughter. It
has been reported [D.F.Peppard ef al., J. Inorg. Nucl. Chem. 5,

41 (1957)] that a 1.5M solution of di—2-éthylhexyl phoéphoric

acid (known as HDEHP) in toluene preferentally extracts yttrium
vfrém 0.05M HCl1l solution with a concentration facfor of yttium over
strontium of some 2 X 10°. Féllowing indications'in the literature
‘that commercial HDEHP is a mixture of the mono and diesters

~and that only the diester is effective in extracting Y, a purification
procedure appeared to be necessary. To determine the relative
amounts of the two esters before and after the purification, an

analytical procedure, involving potentiometric titration with NaOH in a

‘methanol solvent medium, had to be developed. The titration pfocedure
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was baseavon a series of.ekpefiments which showed that the end

- points of the twp.neutralizable h&drogens (one on the diester and

_two on the monoester) are well separated in methanol as a solvenf.
"The purification procedure adapted forl,crude HDEHP employs

a éeveﬁ—stage diamond extraction procedure, with the opposing

phases comprising HDEHP in ether and ethyleﬁe glycol. The extraction

can be understood by reference to Fig. D1, in which the

circles represent separatory funnels and tHe»arrows indicate the

direction of solvent flow. The seven separatory funnels are

'piaced on a rack‘and the extraction is beguﬁ by adding crude- HDEHP,

ether'and ethylene glycol (in the ratio 4%4:7:1) to funnel No. 4,

equilibrating, then transferring the ether layer into funnel No. 3

and the ethylene glycol layer in funnel No. 5.  Fresh solvent is

then added to-these two funnels, and‘so én'accofding to the ‘diagram. .

All of the etherAlayers aré combined and evaporated ﬁnder reduced

pfessufe until'the:gther is completely removed.and only the HDEHP-

remains. This once-purified HDEHP can be_pﬁt thréugh the diamond

extraction procedure again to yield twice-purified HDEEP,

The methanol potentiometric titration analyses showed thaf this
~purification érocédure was indeed effective in removing‘monoester
from the reagent. Crude, oncé-purified,»and twice—purified HDEHP were
~ then tested for °°Sr - °°Y separation efficiency by'observing the
beta spectra of ?°Sr and °°Y in a liquid scintillation spectrometer
both before aﬁd‘after purification. The results indicated that,
contrary to indications in the litefature, the crude and purified

reégents were equally effective in separating Y from Sr. In



Crude HDEHP

;

Figure D1. Multiple fractional distribution for the seﬁaration
of HDEHP and H,MEHP.
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subsequent radiochémical separations,. then, the commercial reagent

1is¥béiﬁg used as récefved.
Strontium-90 analyses of the shell specimens are thus ready
to be carried out, pending completion of our new low-level counting

facility. (See Section E, below.)
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E. New Counting Facilities

1. E}ectronics

During the past year all of the -electronics in our eighth-
floor counting room were replaced with modern solid-state equipment
.(not funded by the present céntract)._ All of the research
detectors are now equippedwith NIM electronics which are inter;
changable and compatible Qith an automatic printing contfol unit.
In addition, new gas flow controls have been installed for the
two methane proportional flow counters and for the 4m proportional
counter. These controls permit rapid, reproducible setting of the

flow rates and accurate monitoring of gas flow through the counters.

2. Low-Level Counting

As noted in last year's report, our new cheﬁistry building
has a Below-grade-level isotope storage facility containing a
four-by;six by five-foot-deep‘concrete pit. Since the facility
has to date remained unused for isotope storage, it is being
converted iﬁto a low-leQel counting room, for which it appears
to be ideally suited, since it is shielded above by fourteen
stories of cast-in-place concrete building and on the five other
sides by poured concrete footing. The walls and floor of the room
and pit are coated with white glazed epoxy péint. An isolated,

"quiet" instrument ground has been installed, provisions have

36

been made for controlled personnel access, and a filtered ventilation

system has been added.

The Beckman Low-level, anticoincidence-shielded, o and B counter

has beenAstripped of its electronics and completely new NIM units have
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“beep'iﬁstailed, together with newly-designed and constructed
sample-changer logic e;ectronics. The counter and samfle-changér
:héve been installéd in the five-foot-deep pit while the eiectroniés,
which are now undergoing testing, have beeﬁ:installed atvwork—tablél
level in the room. All of the NIM electronics in the'low-ievel‘
countef and all of these in-the eighth-fioor counting room are

from the same manufacturer (ORTEC) and eaéily interchanged in

case of malfunction. On completion of the use-testing of the

new low-level électronics system, counting of the marine

specimens will begin.



. F.  Other Facility Improvements

1. Negative Ion Source

Work has continued on the devélopment'of heavy ion beams

from the Nuclear Physics Lab's Extrion Universal Negative Ion

LBme

Source (UNIS). Usable beams of ®°Ni, “®Ti, '*c, *°0 and *2s

- have been obtained thus far. During the past year, our group

‘has been involved in the development of these beams, particularly

of fhe ®%Ni and “°Ti beams used in our charge-state work.

It has been observed that UNIS produces molecular ions in
addition to monatomic ions. For ®®Ni, the predominant species
emitted from the source is ®*®Ni~, and this is the ianwhich is
injected into the accelerator. For “87i, however; Ti0 or TiO,
are the predominant species, and to obtain maximum beam intensity
for purposes of accelerator stability, these are the ions which

are chosen for injection. These molecular ions break apart when

the beam passes through the accelerator's stripper foils, however,

and “®Ti  is accelerated through the remainder of the machine.

2. Evagorator

Installation of the Varian NRC 3117 Vacuum Coater System

was completed this year. The final components in the target

preparation system consisted of a quartz crystal microbalance

and a Hewlett-Packard 5381A, 80MHz frequency counter. With
this new equipment, errors in thickness determination due to
electronic instabilities should be less than 0.05,ug/cm2.

Calibration of this system with weighed foils is now in progress.
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G. Computation

Tﬁis year our use of the computer fécility at thélﬁagieér“
Physics Laboratory (NPL) has increaséd drastically. All of the
Ni and'Ti charge-state data werevcollected with the PDP 15
computer on-line. Data acquisitipn'was confrolled by the NPL
singles code SNAP. The data were stored on magnetic tapes,
and could alsobbe transferred directly to the off-line PDP 15.
Preliminary data analysis, consisting of peak integration and
background subtﬁéction, was performed on this computer using
the NPL code PEAK.

The heav?-ion fusion experiment entailed an extensive
amount of computer programming. The méjor results of this work
. are a four-parameter data acquisition code, MAP.H, which is
'tailéred to this particular experiment, and a rather general
four-dimensional stripping code, WINDOW. Various testing and
utility codes have also been developed to support this experiment.

Once again our use of the University of Pittsburgh'; PDP 10
computer haé been extensive. During the past year, a céde was
‘develoﬁed to‘perform all normalizations, data analysis and ﬁlotting
ifof the chérgé-sfafe experiment. All DWBA and kinematic
calculations were élso performed on this system. In addition,
the Blann-Plasil code ALICE was adapted for use oﬂ the PDP 10.

All calculations neéessary for the low-ievel counting

statistics projéct were performed on the PDP 10, utilizing
computer codes written in our laboratory. In addition, a computer

pfogfam has been developed to permit rapid analysis of the total
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w0
strontium atomic emission data in the strontium-in-shell- experiments.
Finélly; a non-linear least-squares .preogram,. far- superior to our

old code, was written this year.
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III. .PERSONNEL.

Principal Investigator.. . ... _}_:.”.

Robert L. Wolke, Professor of Chemistry. B.S. Chem. Polytechnic
Institute of Brooklyn 1949, Ph.D. Cornell University 1953.
(Approximately one-third time January 1975 through. April. 1975
approximately one-=third time May 1975. through December 1975.)

Other Research Personnel

Judith C. Brlllhart Graduate Research Assistant July 197u =
September 1974. B.S. Western Illinois University 1971.
(Radioactivity in Mollusc.Shells). Terminated June 1975.

Jack J. Donn, Captain, U.S. Air Force. Civilian Institutions
Student, U.S. Air Force Institute of Technology (Not supported
on ERDA contract funds.) B. S. University of Cincinnati 1968.
(Statistics of Low-Level Counting). Terminated July 1975.

Martin E. Hughes, Research Assistant, full time. B.S. Unlver81ty
of Pittsburgh 1975. (Strontlum in Mollusc Shells).

““William. J. Jordan, Mellon Fellow. (Not supported on ERDA contract
funds.) B.S. University of Pittsburgh 1973. (Heavy-Ion Reactions).

;

John D. Yesso, Graduate Research Assistant. B.S. University
. of Pittsburgh 1971. (Equilibrium Charge-State Distributions of
Heavy Ions). . :

QOther Personnel

Patricia Moan, Secretary. April 1974 to present.

Ronald E. Bajuscak, Undergraduate assistant. (Strontium and
Radiostrontium Analysis)

Susan Wozniak, Undergraduate Assistant. (New Target
Preparation Techniques)
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.(Publications listed ‘either have appeared in'1975,'are in press,
.or have been submitted for publication:)

. Spin Assignments in the Decay of Indium 109. S. Shastry;
T. W. Debiak, E. V. Mason, Jr., J. D. Yesso and R. L. Wolke
Particles and Nuclei, August 1975 (in press)

A Search for Alpha Instability in Osmium-184. Robert F.
Sperlein and Robert L. Wolke, J. Inorg. Nucl Chem. 38, 27 (1975)

The Practical Design and Statistical Interpretation of
Background-Dominant Counting Experiments, Jack J. Donn and Robert
L. Wolke, Radiochem. and Radioanalyt. Lett. (submitted)

, The Statistical Interpretation of Counting Data from Measurements
of Low-Level Radioactivity. Jack J. Donn and Robert L. Wolke,
Health Phys. (submitted)



