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INTRODUCTION

Fositron lifetime analysis technigues provide an sffective
and sensitive tocl for the non-distructive study of sclids and
surfaces. The distribution of positron lifstimes can be relateﬂ
to the distribution of voids within a solid, to the state of the
surface of a sample, and to the surface area cof a =amp1= of very
fine powdesr.

Orne limitation on a pesitron lifestime measurement apparatus

is its ultimate time resclution. Lifetimes on a nanosecord time
zcale are of interest which requires a system resolution in the
ordar of several hundred picoseconds. The ceoincident gamma—-rays
af ©YCo are often used to characterize the timing psrformance.

This paper describ2s the op4imizati=zn of a positron lifestime
mzasurement apparatus for the Shanghai Metal wrgical Institute.
Froper adjustment of the apparat us yielded lequ resolution of
less than 180 ps measured with °YCe and narrow 2ner-gy windows,

THE FOSITRON LIFETIME ANALYSIS TECHNIQUE

The positron, first precicted by Dirac, was sxperiment ally
identified in the 1?70°'s. Eesides its interesting procertiss as
anti-matter, the positron has praoven to be viary useful 1in
stugyling various structuress and processes. Fositron ll‘mtlnt
technigues are cne of the few methods ssrsitive to vacanciss on
the monoatomnic scale.

Historically, defesct studies in metals have besn a ma jaer
application area for positron livetime technigues. In more recsndt
Y2ars, this work has extenced to defect studiss i alloys
and neon-metals. in addition, some biolegical svstems can rnow be
studied with the aid of pesitrens. Chemical propertiss, such as
the extent of cross lirking of certain polymers and the soecifis
surface areas of finely divided peowders, alsc are b=ing
determined by the varietion and range cof pcsitiron lifetimes. Th=
usafullineszs of positron characteristics also sxterds to
Astrophysics whers the characteristic 511 keV radiaticn of
positreon-electron anrihilaticn has been cbssrved f-om certain
solar flares and from a source near the center of fhe Galaxy. Th
Frocesdings of the Internaticral Confersnces on Fositron
innihilation show_the wide range of apoliceaticn nf this url gue
analytical tooll.Z,



EXFERIMENTAL TECHNIGUES

Several technigues other than lifetime measzursments are used
to study the properties of pesitrons and gair insight into void
structures. The centsr-of-mass moticn of the positron-=lectron
pair produce a broadening in the line-width of the Si1 keV
annihilation gamma rays. This same motiocn also produces a
deviation from collinearity in the directicon cf the two
annihilaticon gamma-rays. These conditions form the basis of the
Doppler-broadening and angular correlation experiments.

A Doppler broadening spectrometer generally consists of a
germanium detector and associated electrenics to acgquire the
spectrum in the energy range arcund S11 kesW. While the
Coppler-broadening spectrometer is insufficient for many detailed
studies, its high counting efficiency and simplicity make it
promieing for nondasstructive testing especially when the
underlying procasses ar2 known=.

The angular correlation of the two annihilation gamma-rays
also depends on the momentum distribution of the positron- .
elactron pair. This technique has been used in surface studies.
However, the angles inveolved are very small, only a few
milliradians, which reguires that the datec ors be placed same
cishtance from the samgzl

2. This relatively large distance,
several meters, requires unusually strong radiocative sources
which limit its applicatieon-.

Becauze of the limitaticns of the Doppler broading and
anﬁula cmfrmlatioﬂ experiment, the positron lifetime
measur2mnent technigue iz generally the perserrsd method of
studylng pesitrons and their interaction with swrounding media.
The remainder of this paper will discuss this measwem=nt arnd the
aptimization of thz mEasursmer APpEratus.

FOSITRON LIFETIME MEASUREMENT AFFPARATUS

The history cf peositron litstime measurement aoparatus is
found in rnuclear timing spectroscopy. The criginal technigue
vsed a Fast/Slow Timing Coincidence Svstem. A newer sysztem, the
Fast Timing Coincidence Systsm, was 5pﬁ:i¥ically developed +or
use in pesitron lifetime studies?. Both techniques are described
D=21low.

a. FAST/SLOW TIﬂINC LDINCIDENCE SYSTEM

A typical timing swvsht=m is i Fige 1. An
Lntagral mods fracticn scriminat 2FD, e used as
the tim lcuetf device in sach channel lsading to the Time to
Amality Converter, TAC., Arn energy side channel iz azscciated
witihh 23 detector and is composed of a preamplifier, a snaoing
am2lifier, and a timing single-channel analvzer, TSCA. The
functicn of the TECA is to select Lthe esnergy rangs Toir which
ciming information is desired. If two detscted events fall
within the selscted energy ranges, and if thev are coincident
within the preset resclving time cof the fast ccimcidence unit,
the precise timing inFormation related to these everts i: strobed
from the TAC, fhe timing intormatio 2 =] the
i Channel Buffar, MCE, and digp! i



In the fast/slow timing system, the dead time of the TaC can
impose a ccunt rate 1imi*aticn. The TAC in Fig. 1 must handle
the2 count rate asscciztsed with the single events sxc=eding the
thresheolds cof the timing discriminators. This count rate can be
greater than an order of magnitude higher than the coincidence
rate at which the TAC is strobed. The dead time of +he TAC can
range from approximatsly 5 us to approx imately 125 us, even for
an invalid TA&C start conversion

The count rate performace of the linsar side channel in a
fast/slow timing system can impose a ssvere count rats
limitation. Input data rates excsding 100,000 counts per second
in the linsar side channels can caus2 saturation in scome charges

preamplifisrs. s0, many shaping '-unpll'l-l:arﬂ= b=gin to lose
Daselines Faﬂ*rol qt such count rates. These effects can result
in erratic timing informaticn frem the TSCA' and & censeguent

loss in coincidence efficiency to strobe the TAcH

B. FAST TIMING COINCIDENCE SYSTEM
A blocck diagram of a fast timing coincidence system in shown

in Fig. 2. The fast timing system performs the same function as
the fast/slow system described above. In the fast timing
system, =ach time pick-off unit is a constant fraction

itferential discriminater, CFDD, which generatss the timing
informaticn and determines the 2nergy rang= of interscst
simul taneocusly. I¥ two detzscted events fall within the selected
ensrgy ranges, and 1+ they are coincident within the preset
resolving time of the fast coincident unit, the TAC is gated to
accept only the delayed, precise timing pu’sez. Thus the TaC
must handle start—-stop signals enly for events that ar= of the
correct energy and are coincident®.

C. PEHFDRMQCE CHARACTERISTICS

Several important performacs di fferences exiet between the
fast/slow and the fast timing systems. Hdzcause of the excellent
perftormace of the modern preamplifisr, amplifisr and T5CA s, the
fast/slow system is capable of sxcsllent energy selection and
FEEDlLt;Dn. However, the fast/slow system has much poorer high
rate performace since the TAC must handle all start signals
regardiess of whether they represent valid events®,

In contrast, the fast timing system has axcellent high rate
parformace tecause cnly wvalid start-stop pulse pairs ars
procezsssed by the TAC. The disadvantags of the <ast timing svatam
1s its poorer energy selecticon and resclution since the PMT
pulses ares not processed to enhance their ensrgy signal-to-noicse
ratio. At low count Fﬂu S, beoth the fast/slow and the fast
Timing system have similar timing pe rfcrmahe.4

Most positron 11+et me measursment agparatus uss small
plastic scintillateors and photomulti plier tubes as the detecto
elament. This type of dc_actur has poor snergy recluticon Dmpar=d
to large Nal(Tl) or HFGe destectors. Cons equantly, ths
relatively higher energy resolution of tre fast/slow timing
svystem cffers little = vantage. The fast timing system is the
system of choice for most positron lifetime meazursments=s.

i



OFTIMIZATION FROCEDURES

Optimization of a positron lifetime me2asursment aoparatus
involves both t'mlng and energy performance. The detsctor
element, consisting of the scinti llator, FMT, FMT base and high
voltage power supply, ars of critical lmp:rtance. Freper
optimization of the constant fraction discriminator and snergy
calibration are also important. An optimization procedurs is
described below.

A. Optimization of the Detector Element.

The detector element cocnsists of the scintillator, the
photemultiplier tube , FMT, the FMT base, and high wvoltage
supply. The optimal use of esach co mpunsr_ is important in
achieving the best overall timing performace o+ the positron
lifetime measurement apparatus.

-

1. Scintillator Selection.

In addition to the basic scintillator material, the size,
shape and coating are of importance. Many fast plast1_ materials
Nave bzen used in positron lifetime experiments. Orne popular
type was origicnally marketed as Filot U. The same formulation
is available today as BC 418. NE 111 and EBC 422 are also popular
material. KL 236 has also found anplication in many positron
lifetime svstems. The principle characteristic cf all these
materials is their very fast rise and fast decay times. In a
good timing system, the rise time of the signal is of extrems
importance.

Traditionally, the shape of the scintillator was a2 righ
circular cylinder of varicus dimensions with 2.5 i 2.2 cm a
popular size. MNE 111 and BC 422 often have a 2.3 cm diameter but
& smaller height, about 2 cm. Several years agc, Jokn Mz Ger vy
reported aon the improved timing performaces of a “run:ated cone
gsametry:. Saveral versicns of the pilcosecond timing spoctrometer
described in the paper verify this result, -mmrngTFrts im
timing resclution FWHM PHCEEﬁlng 0% were zchisved using

runcated cones instead of right circular cylinders cf the same
volmme.

Flastic scintillators zars gensral 1y clear in color and ars
usually coated with a white reflector aint to improve
gfticiency. Typical costing material includes NE S&0 and BC &20
white raeflectar paint.

2 FMT Selection.

Many FMT's have been used in positiron lif g MEISursments,
Frinciple suppliersz include RCA Fhillips. Hamamatsu, anmd EMI,
Our experience at EG%G ORTEC i= hr marily with the RC4 8575 and
8830 FMT 's. Nzw FMTs with microchannel plates a2nd spacizl cross
field arr-angsments al=ze find application.

<. Scintillator Mounting.

Special cars must be taken in mounting the scintillator to
the face of the PMT. Both the surfacs o tha FMT and the base of
the scintillator should be very clean and frze of dust and line.
A thin layesr of opti coempond, such as Dow Cerning
B3 - is aoplis lator base. The scimtillator is




pressed firmly ontoc the PMT faces and rotated back and forth to
remove any air bubbles.

4. FMT Bacse.

FMT base is an important part of the detectcr assembly as it
distributes the high voltage to the various dvnodes and couples
the ancde signal frocm the PMT to the timing el=zctroncis. In
general, each PMT has & different divider string fcr optimal
timing performance. The EGYXE ORTEC 245 iz optimized for the RCA
8573 and the EG%G ORTEC 26358 is optimizsd for the RCA 8850. Both
FMT bases are designed to faithfully preserve the ancde signal
waveform for cptimal timing performance.

The EGLE CORTEC FPMT basss ar=s squiped with both a GAIN and a
FOCUS adjustment. For eptimal cgperaticon, beth are adjusted to
maximize the anods output signal.

S. High Voltage.

The first rule in high voltage adjustment is to not saturate
the FMT. The high voltage setting is ar effective way to control
the gain of the FMT and in turn the signal-to-rnocise ratic.
Typical settings for the RCA B375 and 82830 FMTs is —-2000 V.
Generally, the high veltage 1n a positron lifetime spectrometsr
is adjust=d such thmt the maximum «nodu signal inte a 30 ohm load
ig about -1.5 V for ~<Na or ““Co.

B. Optimization of thke CFDD,
The principle adjustments in a CFDD are the2 WALK, the CF

CEL.AY, the BLOCKING WIDTH, and the UFFER and LOWER LEVEL
thresholds. The initial =se t'nas +ioor the EGHE DF EC 587 CFDD are
@asily mads. Final cptimization requires superimental adju=ztment

wsing the complets timinmg spectromestar. Thrzshold adjiustments
arz described in a later section.

) The initial walk adjustment is tc set the potenticmetsr such
that the WALK test point reads about -0.5 mii. After final
erperimental adiustment, the walk setting should not exceesd the

range +/—= 2 mV.

Ore very useful method of checking the WALK adjustment is to
view the MONMITOR signal on a fast oscilloscops which is trlggcrwd
By the S8TF CFRDD timing output signal. The MOMITCOR signal should
be delayvad slightly with a length of coaxial cable tc compensate
tor the propagatieon dzlay of the unit. Th=2 resuliting signals ars=
shown in Fig. Z. Mote the precise cross—-over signal definiticn
of the MONITOR cutput which indicat=es excsllent timing and gaod
WrLE adjustment.

The initial CF DE sztting depends on the rise time of +hs
input =ignal and is calculated as

CF DELAY = (1.1){Rise Time) - O.7 ns (1)
For =sxample, a FMT with 2 rise time of 2.2 ns requires a dela ay of
about 1.72 n=s. Using SC ohm coaxial cable with a propogation
delay of SC ps/cm corresponds tc a cable length of approximately
R ) This iz the typical length recuired for an BCA 2250,
Howevesr, the CF DELAY iz a critical adjustment for thz timing
gpactrometer and exiensive superimental adiustment is suggested

[}



to achieve optimal timing results. Cable length adjustments in
2 cm steps are recommended wheén seeking the minimum timing
resolution of the svystam.

The BLOCKING WIDTH is another front panel adiustment of the
=83 CFDD. This width, read with an cscilloscepe cornsctsd to the
front panel BMC connectcr, indicates the deactime of the unit.

No additional cutputs can be generated by the 38T CFDD during
this pericd. Initial setting of the EBLOCKIMNG WIDTH is about
200 ns or a time squal to the maximum conversion tim= of the TAC.

C INITIAL SYSTEM SETTINGS

Several cther initizl settings are rsguired pricr to
operation of the Fast Timing System. The Fast Coincidence unit
can be set from 10 to 110 nes with 20 ns a good initial value.

The TAC ranges must be set consistent with the expected range
of positrom livetimes to be measured. For initial system
resolution measurement, the 100 ns range is acceptable. This
setting cerresponds to approximately 12.5 ps/ch using the 8000
channel 918 Multichannel Buffer.

The passive delay unit DE44T is set to compensate for the
propagation delay of the Fast Coincidence unit and +o insure that
the TAC cperates in a very linear range. Two of the four
szctions are used in the Start channel zarnd two of the faur
sections are used in the Stop channsl. initial setting of the
total Start delay is approsimately 64 ns and initial setting of
the total Stop delay is appreximately 6 ns.

Initial settings of the ADCAM svstem are minimal. Generally,
the P18 MCE is operated with all 8000 channels. The link between
the 918 MCE and the PC-3I50 Frofessional Computer can be with
RS~232 or IEEE-488

e fod d

CALIBRATION FROCEDURES
The FPositron Litetime

calibrated in both energy a
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f. EMNERGY CALIERATION
The principle difficulty with snergy calibraticon is ths

rather poor energy resclution of the scintillator/FEMT detsctor.
A bleck diagram of the system connected far energy calibraticn is
snown in Fig. 4. Note the additicn of & preamplifisr and
amplifisr connected to the dynode ocutput of the FMT base. The
energy spectrum collected in the 918 MCE is gated by the timing
channel, either the Start channesl or the Shop channel , which ever
i3z being calibrated. The gating signal is taken from ths VALID
ETART output of the TAC, a signal thet begins with the START
lnput and remains true through the entire conversicn time of the
Tac. In this test, the conversicn time is increased from 100 As
to about 10 us to insure a gating =ignal of adeguate length.
The 918 MCE must be s=t in thz Coincidence Mode which requiress
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spectrum is collacted with the Start 583 CFDD Lower Lavel set

at minimum value and the Upper Level =zet at maximum value. <=Zpna
has characteristic lines at 1.28 MeVY and S11 keV. However, the
small plastic scintillator doss not respend to the photo peaks
and the Comption edge values must be used. Table 1 liste the
photo peak and Cempton edge values for <<Na and ¢CCo.

In Fig. 3, the Compton edge of the 511 keVY line can be found
by taking the mean count value between A and E. The
corresponding channel is labeled E{ and corrassponds to 340 keaV.
Dividing 240 kaV by Ey gives the calibrationﬁin keV/channel.
This value can be verified using the sscond <<Na line at
1.28 MeV. The channel corresponding to the Cocmptorn edge is
labeled E- in Fig. 5, and the corresponding energy is 1042 keV.
The calibraticon value 1062/E~ keV/channel should equal I4Q/E,4.

Mext the Lower Level of the CFDD is raised to nominally
-800 mV. The resulting energy spectrum is shown in Fig. &. The
Lower Level should be set =0 that the lower edge of the spectrum
talls midway between the two Compton edges. The mean count value
in the Compton region is indicated by C in Fig. &, and the

.

Lower Level value is equal teo channel Exz corresponding to a
count value of C/2. Multiply channel Exz by the keV/channel
calibration obtained above for the energy equivalent of the CFLD
Lower Level setting. This ensrgy divided by the threshold
setting gives the Lower Level calibration in keV/mV.

Calibraticon of the Upper Level of the Start CFDD follows the
same proceduwre. First tihe Lowsr Level is reduced to a minimum
value. Then the Upper Level iz adiustsd to naminally -800 mV and
the calibration in keY/mV is found. Howesver, due to the
similarity of the two circuits, the calibration value of the
Lower Level is usually identical teo the calibration value of the
Upoer Lesval.

The procedurs cutl i
Stop chamnel CFDD. Fi he Start CFDD Timing cutput is
disconnected from the input on the TAC and replacsd by the
Stop CFDD Timing output. Thus the TAC VALID ETaRT output, which
iSH&EEd to gate the 918 MCB, will he derived from the Stop CFLD.
& ==ia spectrum is collected with the Stop CFDD Lower Lesvel sst
minimum valus and the Uppsr Level set 2t marimum value. Using
& procedure cutlined above and indicated in Fig. &, a
ibration in keV/channe2l is obtained. ‘2lise the Lower Levsl of
Stop CFDD and chtain a sp2ctrum similar to that =ncwn in

& Convert channel Ex into ksY and divide by the Lowsr
tting to cbtain the required keW/mVY calibraticn. This
i value can be used for both the Lower Lavel and the
=vel controcls of the Stop CFDD.

nad above is also used to calibrats the
o h

i
it

&t

4

-

=
[

T

fom e

o

Cnhnrradang
-
u}
a

T = g id
[T 1
e

5
U 1

a
iii

B. TIME CALIERATIOM

A block diagram of the system gstup Tor time calibration is
Ehown in Fig. 7. The preamplifier and amplifisr used in enargy
calibraticn are removed. The TAC 1s reset to a 100 ns range and
the 1€ MCE is set in the anti-coincidence meda. During time
calibration, only the Start CFDD will be used. Both TIMING
cutpults aof the Start CFDD arz2 connected through the DE4ST to the
TAC, A very narrow timing pealk should cccur atr the tiine
corresponding te the differesnce betwesn the Start charnel DE4ET



