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PROGRAM SUMMARY

Title ofprogram: POSDIF Nature ofthe physicalproblem
Calculatespositron lifetime spectrumin a gasbeing given the

Cataloguenumber:AAHN gaspressureand temperature,the value of theexternalelectric
field strengthand the fits to momentumdependenceof the

Program obtainablefrom: CPC ProgramLibrary, Queen’sUni- positron—atommomentum transfer cross section and of the
versityof Belfast.N. Ireland(seeapplicationfrom in thisissue) effectivechargenumber[I].

Computer: IBM-360 at York University, Toronto and also Methodof solution

CDC 7600 at ULCC. Universityof Londonand Felix C-256 at The parabolic equation, representingpositron diffusion and
Universityof Cluj ComputerCentre. annihilation in the gas, is solvedusing the Crank—Nicholson

method and other standardfinite differencemethods [2]. At
Progranii;iing languageu.~ed:FORTRAN IV eachtimestepthevelocity distribution is used to calculatethe

averagedeffective chargenumberand the averagedpositron
Storagerequired: 26 kwordsin doubleprecision momentum.

Numberof bits in a word: 32 Typical running time

About 300 s CPU time on theIBM-360.
Over/ui structure: none

Peripherals used: cardreader,line printer References

.Vunilmerof cards in theprograni andthe testdeck:91 7
[I] RI. CanipeanuandJ.W. Humberston,J, Phys.B 10 (1977)

Keywords: positron. diffusion equation, lifetime spectrum, 239.
Crank—Nicolsonmethod, finite differences,momentumtrans- [2] Harwell SubroutineLibrary, ReportAERE-R9185, HMSO
fer. effective charge London(September1980).
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LONG WRITE-UP

I. Introduction electronsper target atom with which a positron
canannihilate,

The positron lifetime experimentsmeasurethe The numberdensityof positronsin the velocity
annihilation rate averagedover the velocity distri- interval v to v + do at time t is (o, t) do. With
bution of the positronsand it is thereforeneces- the boundaryconditionsy(O.t)~y(x,t)~0for
sary to calculatethe time-dependentvelocity dis- all I anda given initial velocity distribution v( v.
tribution aswell as the velocity dependenceof the = 0) the diffusion equationcan be solved to ob-
annihilation ratebefore comparisonof the experi- tam the velocity distribution v(v, t) for all subse-
mental and theoreticalresultscan be made.Most quenttimes.
of the experimentalspectrumcorrespondsto the The velocity averageof Z~11(o), which can be
positronsscatteredelastically before annihilation, obtainedfrom the experimentalannihilation rate,
In the past years extensivetheoretical investiga- is then given by:
tions havebeenmadeon various positron~-raregas
atomselasticscatteringand today we havereliable ~ r) J y( o. t) Zett( o) do If .v( c. t) do.

0 I o
resultsto be employedin this type of comparison.
For a detailedaccountof the statusof agreement (2)
betweentheoryand experimentseerefs. [~3]. Similarly onecanobtain the averagedvaluesof the

positronmomentum:
Sc mu / Sc

2. Summary of the theory ~(t) =f v(o, t)_~_do/f v(o. t) do. (3)
0

The velocity distribution of the elastically
scatteredpositronsin a gas of absolutetempera- 2.1. The initial oelocity distrihutio,z
ture T, subjectto a uniform electric field of strength We assumedthat initially no freepositronsexist
E, is governedby the diffusion equation: with energiesgreaterthan thethresholdenergyfor

positronium formation E~5.The reason for this
a~(v~t) a ~ VNOmi( o) kT assumptionis thefollowing: a high-energypositron

at av~j3tn
2vNa ~(°) + M ) will loseenergy very rapidly by inelastic collisions

until its energy has fallen below the lowest inelas-
a~’(v,t) I mo2Namt(o) tic threshold: its energywill be eitherbelow ~ or

>< a~ + M in the Ore gap (the region between~ and the

lowest excitation threshold), where it has a high
2e2E2 2NOmi(t)) kT\ probability of forming positronium. It was actu-

3fll2V2NOmi(V) M ) ally proven [1] that the extensionof the initial

velocity region to the first excitation threshold

><y(v. t)} irr
0cNZ~~t(v), does not modify significantly the theoretical re-sults.The eqs.(2) and(3) will employ the velocity

correspondingto E~5asupperlimit in the integra-
tions.

where e and m are the chargeand mass, respec- Severalforms of the initial velocity distribution
tively, of the positron,N is the numberdensityof were consideredin ref. [I] but their choice was
the gasatomseachof massM; k is the Boltzman’s found not very important. The presentprogram
constant,r0 is the classicalelectronradius,c is the usesthe uniform distribution in momentumspace:
velocity of light, Gmt is the momentumtransfer
crosssection and Zeff is the effective number of v(v, r —0) = v

2. (4)
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2.2. Momentumtransfer crosssectionsandeffective definedand for eachstepin time the eqs.(2) and
chargenumbers (3) arecalculatedby usingthe Simpsonintegration

formula.
The diffusion equation(I) requires ffmt(t)) and FZE, FQM and FDQ are functionscalculating

Zeff(v) in an analyticform. It was found [1,2] that the valuesof Zeff, Gmt and dOmt/dk, respectively
the appropriateforms to fit the He, Ne, Ar data for a given valueof the positronmomentumk.

are: HISTO is used to representgraphicallyy(v)at
different times; if the step in time is chosentoo

~mi(k) = a
0 + a1k + a2k

2In k + a
3k

2 + a
4k

3 large the velocity distribution y(v) shows oscilla-

+a k4, tions which are amplified in time [5]; therefore
HISTO can be switchedon with an appropriate

7 (i\—L. .i~.L. I ..LI. ~ i3
eff~” / — U

0 Ul1. 2”~ u3l’~ ‘ ‘~-‘i valueof IGRAF to checkon the correctnessof the

while for Kr and Xe the forms used in ref. [3] timestep.
were DPO1A finds the solution at time t + 6t of a

parabolicequation,such as (I), given the solution
Gmt(l~) 1 ~ at time t. The coefficientsin the standardform are
Zett (k) ~ c, exp(— ciçk), (6) defined by subroutineFUNCTS and the deriva-

tives are calculatedby TDO1A. DPO1A usesthe
where k is the positron momentum and a, are Crank—Nicholsonmethod to bring the parabolic
positive integerschosenby trial and error. Both equationto a 2-pointboundaryvaluesecondorder
forms (5) and (6) canbe employedin the present differential equation.
program by using the appropriatevalue of the DDO1A solves the second order differential
inputparameterIFIT. For anyotheranalyticforms equationby using up to 4th central differences
one hasto changethe functionsFZE(X), FQM(X) (calculatedby TAO3A) to yield a systemof linear
and FDQ(X). tquationssolved by MAO7A. The third and the

fourthdifferencesare appliediteratively until sub-
routine TDO1B decides that the accuracy was

3. Program structure achieved;thevectorS in POSDIFcontainsat each
timestepthe effect of the 3rd and4th ordercorrec-

A block diagramis shown in fig. 1. The main tions. For otherdetailsseeref. [4].
programis:

POSDIFwhere the input requirementsare de-
scribed and the input dataare read and written. 4. Arrangement of common
The initial and the boundaryconditionsare then

W(20X NPT) is working space,NPT being the
numberof meshpointson the velocity axis.

DN, SAM, TEMP, E, BO,... B4, A0,... A4,
Vl,... V5, WI,... W5, are variables, put in the

FZE common block after the working space, which

FONI containinput data.

DPO1A TDO1A ~1B

DO1A T~D3A 5. Numerical accuracy

MPO7A A typical numberof points is NPT= 199 on

E N 0 the velocity axis anda timestepof order of 0.1 ns.An inappropriatemesh would give an incorrect
Fig. I. Block diagramof theprogramPOSDIF. shapeof y(v), andthe useof HISTO is therefore
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Table i necessaryas a checkon the numericalaccuracy.
Input datato be punched The calculationswereperformedin singlepreci-

sion on the CDC7600and the Felix C-256 andin
Card Variables Format Com- double precision on the IBM-360. It was found
no. ments_____________________________________________ that the use of single precisionon IBM or Felix

DN, SAM, TEMP. E SF15.1 gives valuesof Z~different by less than 1% from
2 IGRAF, IFIT 215 the doubleprecisionvalues.
3 MM, DT, ICLIM IS, D15.5, 15
4 NPT, XN 15, Dl5.5
5 A0,Al,A2,A3,A4 SF15.8
6 BO, BI, B2. B3, B4 SF15.8 6. Input
7 WI, W2, W3, W4, W5 5F5.l cards7

8 VI, V2, V3, V4, VS 5F5.1 and 8 are Theinput datahaveto be punchedas shownin
readonly table 1.
for IFIT
=1

DN numberdensitygivenin amagats, 7. Test run
SAM atomic massgivenin electronmasses.
TEMP gas temperaturein kelvin, The test run is given for positrondiffusion in
E electric field strengthgiven in V cm ama-

gats’, krypton. All the input data are printed at the
IGRAF=0 if only Z~andrare required, beginningof the testrun output.

= I at eachtimestepa plot of v(v) is addedto Zeff
and~,

= 2 theplot of y(v) is givenonly at thelast timestep, Acknowledgements
IFIT=0 Gmi(k) andZCfI(k) are fitted with the analytical

forms (5),
The author wishes to thank Dr. J.W. Humber-

= I a,,~(k)andZ~ff(k)are fitted with theanalytical
forms (6), ston for his assistanceat various stagesof this

MM numberof timestepsafter which the resultsare researchand to Drs. A.D. Stauffer.R.P. McEach-
printed, ran and J.W. Darewych for their hospitality at

DT timesteplength 6t, York University where the program was brought
ICLIM numberof stepsin time for which theresultsare

printed, to the presentform.
NPT numberof stepson the velocity axis,
XN positronwavenumbercorrespondingto Er,.

A0, . . . A4 linear parametersin the fit to a~,,(k), References
BO,... B4 linear parametersin thefit to Z~ff(k).
WI,... WS nonlinearparametersin (6) when fitting Gmi( k),

VI,. VS nonlinearparametersin (6) when fitting Z~~~(k). [1] RI. CâmpeanuandJ.W. Humberston.J. Ph~s.B 10 (1977)
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