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ABSTRACY

A Bystem for the measurement of fluorescence EXAFS using 6 HaI(¥%)
geintillacion detectors has been commissioned on the Miggler line of the
paresbury Synchrotron Radiation Source {SRS). Results at the copper and
molybdenun K~edges are presented to illustrate the performance of the
detactors. The count rate limitations arilsing from the dead tlme of the
detectors and Erom the electronice have been investigated. A procedure is
describsd For selecting the optimum thickness of (Z-1) or (2-2) filter used
to reduce the awnount of scattered radiation reaching the detectors. Future

lumprovements are dlacussed.

1. INTRODUCTION
The greater senaltivity of fluoresocencs dstactlon as compared with
absorption measurements has been utilissd for some time for the measurement
of tha Extaended X-ray Ahsorption Pine Structure (EXAPS) of aystams contain-
(1-4)

ing metals The detectlon aystem racently counlssionsd on the Wiggler

line 1s similar to that in use at the first EXAPS station to be commisslon-
ed at the SRS, on line ?‘4). In both systems the signal cutputs fromn a
group of NaIlTR®) scintillation detecktors are summed and fed to a fast
multichannel analyserlsl after procesalng by standard electronics. The
Wiggler lins 1ls, however, capable of qliving Antensities an ordar of magni-
tude greater than those on line 7, with the result that in some cases
{parcicularly for hlgher energles and more concentrated samples} the count
" rate limitations are imposed by the detectlion system rather than the beanm

line. 4Yhus an understanding of the effects of dead-time on the EXAFS

ppactra obtalned ia lmportant.

2. THE DETECTION SYSTEM

The detection aystem conslsts of a frame capable of supporting up to
10 scintillation detectors arranged around ths eample. The pocitions of
the detecters are referred te ln terma of the angle to the beam dlraction
in the horizontal plane, 31, the angle to the horizontal plane, 02. and the
distance from the sample, r (see fig.1). As yet no focuaing optica exist
on the Wigyler line, and so the beam is collimated by alits positloned both
before and after the monochromator to give a cross-gection at Lhe sample of

about 10 mn wide by 1-2 mn high. A sample solution is usually contained in
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a cell 20 mm wide, 5 mm high and 2-5 mm thick cut oul of a plastlc or
mylar-glase disc with thin mylar windows glued to the Eront and back facas.
The sample cell is mounted at an angla of 45* to the beam as kthe bast
quality data is obtalned from a dstector positioned in the horizontal plane
at an angle of 90° to the beam direotion. The dependence of tha guality of
the data obtalned on the dstector position will be discussed in detall in
the following section. Since the edges of the sample coll are strongly
absorbing no detectors are mounktad in the positions facling them. Only two
deteotors are mounted behind the sample, i.e. with nogative values of 91,
as here the space avallable is restricted by the presenca of the radlatlon
shielding for another beam line. Thus, at present detectors are wounted in
only 6 of the available positions [(see fig.1). These positions are listed
in table 1. It would be possible to modify the shielding of the adjacent

beawm lina to accommodats further detectors in the future.

TABLE 1
The positions of tha detsctors in terma of the angles 6;

and 02 and the distance from the sample, r.

Petector Bl (degreas) 32 {degrees) r {cm)
9 90 L] ]
2 90 ~45 a
3 20 45 ]
4 135 0 a
-] - 90 40 [
10 - 45 0 7

Each detector consists of a cleaved crystal of Nal doped with 1t T#
with dimensjons 50 mm X 50 mm X 1 mn thick. The crystal is contained in a
sealed unit with a Be front window 200 pm thick. & short light gulde con-

nects the back of ths crystal to a 50 mn dlamater photomultlpllar tube.
A charge sensitive preampiifier is mounted at the end of each

detector. The outputs from the preamplifiers are combilned and amplified

and fed to two timing filter amplifiers (dee fig.2). Ulgh freguaency pick-
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up is removed by integrating the pulses wlth a time constant of 20 na.
Differentiation with a time constant of 20 na is used to shorten the
pulses. The output from one timing filter ampllfier provides the analogue
input to the MCA, and the other ls discrlminated and used to provide the
*convert' pulse. The use of an MCA rather than a Bcalar'allous the pulsa
helght dlstribution to be displayed. Thls information can be used to Bet

the level for the threshold of the discriminator.

rates for detector 9.

The fluorescence fraction, £,

the value for detector 9.

TABLE 2

Mo K-edye. The fluorescence, Pi. background, B

i

The performance of each detector at (a} the Cu K-~edge and (b) the

, and total, F_ + B , count

1 i

rates for each detector, i, are given as ratios to the corresponding count
is glven for each

detactor, along with the figure of marit, xi, which is glven as a ratio to

The value of the improvement factor, I, gquoted

for each detector is that obtained when the counts from the detector are

combined with those from detector 9.

3. DETECTOR PERFORMARCE

In addition to tha fluorescence from the sample, the detectors also @
recelve scattered radiation: both Raylelgh sicattered, with a wavelength F B1 r1+a1 xi
equal to that of tha incident radiation, and Compton scattered, with a DEte:tOt Fg E; E;:E; £ (%) f; 1w
wavalength up to 0.05 A longer. The relative number of fluorescence and
pcatter counts depends on the concentration of the metal ilona giving rise 9 1 1 1 55 1 -
to the fluorescence, the nature of the rest of the sample, the position of 2 0.47 2,08 1.20 22 0.432 - 0.7
the detector and the energy of the incident radiation. ) 1 0.62 2.67 1.56 22 0.500 1.6
4 1.13 4.43 2.63 24 0.699 12.0
3.1 Count Ratea and Fluorescence Fractions 8 0.12 0.45 0.27 25 0.234 ~ 0.5
The fluorescence count rate, F, was calculated by subtracting the 10 0.43 4.25 2,17 11 0.29)3 -19.5
count rate masagsured at an energy just below the K-edge being studied, B,
where the counts are due purely to background, from that measured just
above the edge, where there 1s a contribution from both Eluorescence and (b)
scatter (gee flg.3). The latter measurement waa made at a point at which
the amplitude of the EXAFS osacillatlon was relatively small. The back- patector El Ei fi:gi £ (%) fi 1 1)
ground count rate increases with'enargy; however, since only a rough com- 1 r’ By ?9+Bs x9
parison of detectors ls required, the change in B was ignored.
9 1 1 1 60 1 -
The results presented here are based on measurements made at the Cu 2 0-62 3.3 1.62 n 0.489 0-2
K-edge {at an energy of 9 keV) with a 10 mM solution of CusO, as the sample 3 0.7z 3.49 .82 24 0.534 2.5
and at tha Ho K-edge (20 keV) with a solution of [HH,] Ho40,, of 10 =M 4 .18 6.4 3.27 22 0.654 5.6
concentration in Mo. The fluorescence, background and total count rates 8 0.54  2.13 1.07 28 0.4%8 4.4
are given in table 2 as ratios to the correspondlng count rates for 10 .10 8.08 3.87 10 0.361 - 4.
datector 3, The fluorescence fraction, f, which is defined as followsi
E’an ()
BAIN-B5/632 3 4
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is also glven for each detector. he the beam is polarised the fluoreacence
fraction is largest for the detector (9, see table 1) in the horlzontal
plane at 90° to the beam direction. The angular distribution of the
scattered radiation is peaked towards the beam direction, and thus detector
10 has the smallest fluorescence Eractlon. - The detecéora positioned normal
to the plane of the sumple (4 and 10) recelve a higher fluorescence count
rate than the othar detectorsa on the same side of the sample. This is due
to the increased path length through the sample for fluorescence enitted at
an angle to the normal. This effect also reduces the count rates for the
detectors (2, 3 and B) out of the horizontal plane. The count rates for
these detectors are reduced Further by the suample cell which obscures part
of the sample. The larger average path length through the pample for
fluorescence reachlng the detectors behind the sample leads to a reduced
count rate for these detectors. B8lnce the sample used at the Cu K-edge was
1 absorption length thick and that used at the Mo K-adge was 0.3 absorptlon
lengths thick, this effect can be seen most clearly wlth the former mample.
The mount Ffor the sample cell chbscures part of the sample for detector 2
and so the count rate for thls detector is somewhat lower than that for
detector 3. With careful design of the sample mount, detectors 2 and 3
would have identical performancey for thls reason, in most of the
subsequent diascussion, results wlll be given only for detector 3 and the

results for detector 2 will be assumed to be the same.

3.2 ‘'Signal-to-nolse' Ratlo
The quality of the EXAFS apectrum obtalned 1ls governed by the ratio of
the amplicude of the EXAFS oaclllacions to the magnitude of the statlstlcal

£luceuations in the gpactrum. A flgure of merit, X, can be defined as

follows:
P p— 12)
/iF + B}

Thls quantity ls sometimes referred to as the '"slgnal-to-noise* ratio. The
relactive values of X for the dlfferent detectors are llsted 1ln table 2.

These values wero obtained wlth a constant ilncldent flux.

The swmeing ampllfiers have tho effect of slmply summing the counkts
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from the different detectors (neglecting for the moment the eEfecta of
pile~up). In order to determine whethar any improvement in tha guallty of
cthe EXAFS spactra rasults from adding the signal output from one or mnre
other detectors to that of detector 9, an improvement factor, I, ls defined

as follows:

= == = (3)

where xuum la the flgure of marlt obtalned from the summed output and Xg ils
cthe flgure of marlt for detactor 9 alone. The vaiuves of I obtalned when
the output from detector 9 ls comblned with the output Erom each of the
other detectors in turn are alsc glven in table 2. These values depend not
only on the value of the flgure of merit for the second detector, but also
on lts count rate. 8ince tha flgure of merlt For detector 9 is hlgher than
for the other detectors, the additlon of counts from a second detector with
a relatlvely high count rate may actually raduce the guality of the respult-
ant EXAFS spectrum. The value of I obtained when the counts from all
detectors are summed is glven in table 5 along with the resultant increase
in count rate. The combination of slgnals from more than one detector

other than by simple eummation of counts 1ls dlscussed ln section 6.

4. SIGHAL ENHANCEMENT
To increase the flgure of merit and hence improve the gquallty of the
EXAFS gpectrum obtalnaed, some method must be found to reduce the background
count rate wlth as small a loss of Fluorescence counts as possible. The
erpression for the flgure of merit {eq.2) can be rewrltten in terms of the

fluorescence fractlon {as defined ln eg.l) as follows;
X = f{F.L) (a)

From thls it can be seen that an lncreage In tha flucrescence Eraction dooes

not necessarily imply an improvement ln the guality of the data.

if the energy resolution of the detectoras 1s sufficiently good, the

scattered radlation can be resolved from the lower eneryy Ku Eluorescence
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of the sample. If this is not posaible, a carefully chosen metal foil
placed in front of each detector can be used to absorb preferentially the

scattered radiation.

4.1 Energy Resolution

The Kﬂ Eluoreascence of the sample is produced at an anergy 0.93 keV
below the absorption edge for Cu and 2.5 keV for Mo. Thus, the energy
resolution regquired to dlatinguish the esample [luorescence from the
elastically scattered radlation is 11% at the Cu K-edge and 13% at the Mo
K-edge. The distribution of energies of Compton agcsttered photons extends
from the snergy of the abpoorption sdge to 0.3 keV below it for Cu and
1.5 keV¥ for Mo. Therefore a better resolution is required to resolve the
sample fFluorescence from the Compton acattered radiation of about 7% at the

Cu K-edge and about 5% at the Mo K-edge.

The energy reaolution of the NaIl{T%} detectors has been measured to be
35 & 2% for photona with an energy of 9 keV and 31 % 3% for 14 keV photons.
This energy resolution is not sufficient to resolve the fluorescence com-
plately from the background of acattered photons. To determine whether the
energy resolution could still be uged to give an improvement in the guality
of the EXAFS epectra, X was calculated from measurements made when pulses
with a helght above some threshold were rejected. HMeasurements were made
at the Cu and Mo K-edges with the upper threshold varied from the peak of
the pulse helght distribution to twics the half width at half maximum above
it. The varlation in the fluorescence fraction was found to be negligible
and in all cases the value of X was reduced as the upper threshold was

lowered.

4.2 (2-1) and (Z-2) Fllters

The fluoreecence fraction and, in most cases, the figure of mearit can
be increased by placing a metal foil in front of each detector. The metal
1s chogen to have a K-edge below the energy of ths scattered radlation and
Just above that of the Ku fluoreacence of the sample. For a sample
containing a 3d metal of atomic number Z, only a matal of foil of atomic
number {(2-1) fulfils this requirement. For samples contalning a 44 metal,
the (2-2) metal alao has a K-edge energy above thst of the Ka fluoresceance

of the sample. In this case the {2-2} metal 1s used in preference to the
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‘{Z2-1) metal since the distributicn of energies of Compton scattered photons

extends below the energy of the {2-1)} K~edge. Such a fllter absorbs
relatively weakly at the energy of the sample xu fluorsacenca, but strongly
absorbs the ecattered radliation. However the ¥_ fluorescence, whlch has an
anergy just below that of the incident radlation and which forms about 20%
of the total fluoreascence, 1a also strongly abaorbed. A elgnificant frac-
tion of the absorbed radiation 1s re-emitted by the filter as fluores-

cencea.

The change In the figure of merit when a foll of thickness t is placed
in front of the detector depends on the absolute number of counts as well
aag the fluorescence fraction for the detector before the foll i added,
fo' The Eractional change in the figure of merit, however, depends only on

Eo {provided the amount of multiple Coulomb scattering in the sample is
small). It 1s useful, therefore, to define a quantity Qt' representing the
improvement in the flgure of marit due to a foll of thickness t, as

follows1
(5)

where xt and xo are the values for the figure of merit with and without a
foll, reapectively. The variation of Qt with foll thlckness ls shown 1in
fig.4., Results from measurements at the Cu and Mo K-edges are shown for
deteotors which have different values for EO. 1f fo is below a critical
value, which depends on the nature of the sample and filter, Qt increases
with foll thickness until it reaches a maximum for a thicknesa tmax' The
valus of tmax and the corresponding value of Qt are glven for each detector
in table 3. 1In general the values of these quantities are largest for the
detectors with the smallest valums of EO- However the values of Qt
measured for detector 8 at the Cu K-edge are much lower than those measured
for detector 3 desplite the Eact that both detectors have similar values of
Eo. This is due to multiple Coulomb scattering of the incident radiation
as it passes through the sample, which results in scattered photons having
an energy below that of the X-edge of the [ilter. This effect ls seen more
clsarly for the sample used at the Cu K-eédge due to the larger thickness of

this sample, in terms of absorption lengths.
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TABLE 3
The foll thlckness, tmax' giving the maximum value for the Elgure of merit

and corresponding valus for Qt'

Cu K-edge with Ni Folls Mo K-edge with Zr Folls

The optimum foll thickness, to' for each detector and the corresponding

value for the lmprovement factor, I.

Table 4

The asterixed values wmay be up to

5 ya lower than the true value of to' the resulting crror in I 18

negligible.
Detector
t (pm} g (%) t  (pm) Q (%)
max * max t Cu K-edge with Hi Folls Mo K-edge with Zr Folls
Detector
9 a 0 0 0 r.olp.m) Ifs) tolum) v}
3 10 6.2 20 5.0
4 5 7.2 20 1.2 3 10 13.2 3o 12.1
:} 0 0 15 5.1 s 23.5 30* 16.2
10 5 7.1 a5 11.8 a 10 2.1 g~ 11.2
10 15+ 2.9 50% 15.2
4.3 Optimun Foll Thickness
TABLE 5

The optimum foll thickness for a deteotor, to' is that which gives the

, count rates
sum

when all detectors are summsd given ae a ratio to the count rates for

maximum value of the Elgure of merit. The fluorescenca, Paum

back ad d total, F +
r ckground, Baum' an otal, suu B

For a alngle detector to is equal to

tmax' lowever when the counts Erom several datectors are summed thae

optimum foll thickness for each detector is, In general, thicker than tmax' detactor 9 alone for tha detectors with (1) no foils, (i1} folls thlckness

for the detectors wlth' The lmprovewment factor, I, is glven for

The optimum foll thickness differs most from € t and {(iil) Eolls thickness t .
max o max

thie highest scacter count rates. both the unwelghted and weighted sum, Results are given for measurements

at {a) the Cu K-edge ond (b} the Mo K-edge.

To slmplify the determination of the optimum foil thicknesses use ia (a)

made of the Ffact that detector 9 has a significantly higher Eigure of maritc

than the other detectors. The optimum folil, thickness for detector 9 ls | Foun  Paun Foun*Paum I(e)

taken as egual to t  , i.e. the thicknesa which gives the maximum figure Fg By FgtBy Unwelghted — Welghted

of merit for detector © alone. The optimum foll thickness for each of the (1) 3.94 15.47 3,18 29,9 45.9

other detectors ls Eound as that which maximises the flgure of merit for (11) 2.76 4.85 .71 431 50.9

chat detecior sumped with detector 9., The variation of the lnprovement (1Ll) 2.55 3.43 2.95 48.4 501

factor, I, with the thicknees of foil placed in front of tha second

detector i3z shown for each detector In £ig.5. The optimum foll thickness . (b}

and the correaponding value of I are glven for each datactor in table 4.

Rather than measuring the fluorescence and background count rates with Faum naum Fsum+ﬂaum 10%)

folls in place, these can be calculated Erom the count rates with no folls, Fy Bg Fythy Unwelghted Welghted

given the attenuation coeffioient of the foll at the fluorescence and

backyround energles and its quantum yield. h 5.21 24.83 13.0 46.4 60.0
(L1} 4.13 9.58 6.67 60.6 65.4
(ii1) 3.59 7-11 4.99 60.9 64.1
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The value of I for the summed counts Erom all datectors with optimum
thickness folls in place is given In table 5 along with tha fluorescence,
background and total count rates given as ratios to the values for detector
9 alone. The use of more than one detector significantly lmproves the
quality of EXAFS spectrum that can be obtained for a given incident
intensity. A further slgnificant improvement ig obtained by the use of
Filters. The extent of the improvement depaends on the concentration of the
metal of interest in the sample and to a lesser degree on the energy of the
Incident radlation. A further beneflt of using Eliters is that a
significant reduction in the total count rate per detector is obtained.
This is important in the case when the maximum incident lntensity that can

be used is limited by the count rate capability of the detgctlon system.

3. COUNT RATE LIMITATIONS

There are two sources of loss of efficiency at high count ratesg; the
desad time of the NaI(T1) crystal, and the pulse-pulse resolution of the
alectronica. The dead time of the scintillator has been measured to be
about 250 ns, therefore to obtain batter than 90% efficlency the photon
rate incident upon each detector must be limited to less than
4.4 % 10°% 571, The pulse-pulse resolutlion of the electronics is also about
250 ng; the resulting loss of counts deépends on the distribution of count
rates between the dlfferent detectors. For a total loss of lesa than 10%
the sum of the count rates incident on each detector must be less than
about 4.5 x19% s~l. 1In order to achieve better than a rough correction Eor
the lusses due to thege two effects, the count rate from each detector must
be known. hn additional complication arises from the fact that EXAFS data
is occaslonally taken when the SR3 is operating in single bunch mods. 1In
puch a cagse the incldent radiation occurs in bursts separated by a time of
340 ns. Thus each dstector can detect only one photon per bunch, and only
one pulgse per bunch crossing can be resolved by the electronics. Thus the

correction factor Eor the dead-time is different in this case.

In the chemical interpretation of the spectra obtailned, the amplitude
of the EXAFS 15 calibrated as a fractlon of the edge height. This ampli-
tude_ls directly related to the coordination of the atom helng atudied(el-

An error in the edge helght results in an equal fractional error in the

PAIN-B5/632 "

‘the count rate is dead-time limitad. If the efficlency is E

coordination numbers determined from the apalysis. There will be an ercor
in the calibrated amplitude of the EXAFS Lf the efficlency of the detectlon
pystem is differaent for the pre- and post-edge reglons, as 1is the case when
1 in the
pre-aedge region and E; in the EXAFS reglon (Bl > E?" then the calibrated
amplitude of the EXAFS oscillations will be increased from ita value when
tha efficlency ls constant by a EFactor A given by:

E, -8 B!

Anm(1- (6)

)

E, *F
The efflclency of the detection system was measured for the distribution of
counts obtained from 10 mM solutions of Cu and Mo at their respective
K-edges with the optimum thicknesses of folls in place. The efficlencles
and corresponding values of A are listed in table 6. For a total count
rate In the EXAFS reglon of 4.1 X 105 a‘l, A had a value of 1.06; however
when the total count rate was lncreased to 8.6 x 107 s"l, A rose to a value

of 1.42.

TABLE &
The factor, A, by which the amplitude of the EXAFS in the background
subtracted spectra 13 Increased due to dead-time effects given for two
different examples. The count rates below and above the K-edge of the
sample B, and F+B respactively, are glven along with the corresponding

values for the detectlon efficiencies, E, and Ege regpectively.

B (s7)) FB (571 E; (%) E, (%) A
209 877 406 385 95 a0 1.06
591 024 B58 979 85 75 1.42

If, when the outputs from all detectors are summed, the count rate
leads to an unacceptable error in the amplitude of the EXAFS, the total
count rate can be reduced by reduclng the inclident intensity, reducing the

number of detectors, or by increasing the thickness of the folls. It ls

* clear from table 5 that it is better to take data with detector 9 alone
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than to uae all detectors with reducad incident intenslty. This is dua to
the higher value of the figure of merit for detector 9. If the count rate
is too high with datector 9 ailone, then it is better to increase the foll
thickness rather than to reduce the incident incensity ss the foil reduces
the count rate due to background more than that due ko fiuvorescence.
However, fE data is taken with a single detector, it would be possible to

correct for the loss of counts due to dead~tiwe when the data is analysed.

6. FUTURE DEVELOEFMENTS

The main count rate limitation results from the pulse-pulse resolution
of the electronics. This reduces the maximum lncldent, count rate that can
be used whilst maiataining an overall aefficlency of greater than 90% from
the limit of 4.4 x 105 g~} per deteotor imposed by the scintillator
dead-time, to about 4.5 x 105 g~} for all detectors. If data ia taken with
incldent count rates greater than this, the difference in detection
afficlency below and above tha K-edge of the sample can result in a
glgnificant error in the amplitude »f ths EXAFS in the background

subtracted spectruwm.

If each detector were to be connected to a geparate amplifier,
discriminator and scaler, the efficiency of the dstection eystem would be
govsrned predominantly by the dead-time of the NaI{T#} scintlllators. Thus
data could be taken with incident count rates of up to 4.4 x 105 g-1 per
detector without slgnificant errors in the EXAFS amplitude. Furthermore,
with such a system it would be possible to correct the nunber of counts
from each detector for losses due to dead-tiwe. This would enable data to
be taken with incident count rates of up to about 106 sjl par detector
without introducing errors in the EXA¥S amplitude. There would, however,
be a reductlon in detection efficiency at high count rates, sccompanied by
a reduction in pulase height and energy resolution. The MCA would stlll be
used before data collection to set the dlecriminator threshold so as to
remove countg due to electronic nolse. Such a readout system la currently

beiny tested.

An additiopal advantage of having a separate acaler Eor each detactor

1a chat it allows the nunber of counta from each detector to be combhlned
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other than by siuwply summing. If, inetead, the number of counts froum each
datector were welighted befors summing, then a further improvement in the
quality of tha EXAFS spectrum could be obtained by a suitable choice of tha
welghts. The figure of merit for the summed detectors is agaln defined as
ths ratio of the total numbsr of flucrescence counts to the statistical
error in the total number of fluorescence and backyround counts; in this
case, howaver, the totals are the weighted sums. The figure of marit is

glven, in this case, by the followlng expression;
"
f wiPi
XL . - (7}
{E ui(P1+Bi)

where F, and B, are the fluorescence and background counts for detactor 1

i i
and w, 1la the weight. If the value of fo is chosen as the welght for each

detector, then the valus of xsum is given by the sum in quadrature of the
values of X for each datector. Thus the optimum folil thickness for each
detector 1s equal to tmax and the inclusion of another dstector always

improves the guality of the EXAPS spectrum.

The values for I obtained using a weighted sum are glven in table 5
alongside the values obtainsd with a simple sum. Valuea are glven both for
the detectors without foile and with foils of thickness tmax' If no foils
are used, then the quality of the EXAFS epactrum is signlficantly lwmproved
by performing a weightesd sum. If folls sre used, however, the value of 1
is only elightly larger for the weighted case than for the unwelghted case.
Ths increase in I rasulting from the use of folls 1s relatively small when
a welghted summation is performsd; however the total count rate is conaid-

erably reduced by the use of folls.

The salectivity with which the wetal foil attenuataes the scatter
rather than the fluorescence is reduced conslderably by the fluorescsnce of
the foil which is stimulated by the scattered radlatlon. Curves of Qt ag a
function of foil thickness are shown in fig.6 calculated using different
valuss of fo- Curves calculated both taking filter fluorescence into
account and ignoring 1t are shown. The greateat reduction in the value of

Qt due to filter fluorescence occurs for the detectors with the smallest

BAIN-85/632 14



fluorescence fr;ctlons. The quality of the EXAFS specktra could, therefore,
be improved significantly 1f the amount of filter fluoredcence reaching the
detector could be reduced., Such a raduction can be achleved by the use of
collimator slit asaembliea(T)- Some asgemblies of horizontal collimator
slits have been constructed (see fig.7); the extended horizontal profile of
the beam prevents vertical collimation. These assemblies will absorb 90%
of EFllter fluorédscence whilst, 1F properly alignad, resulting in only about
a 15% loss of sample fluorescence. The stand which supports the detectors
18 currently being modified to allow the collimators to be aligned

accurately with the pample and then held rigidly in poaition.

Due to the dead-timse of the NaI{Tl) crystal, its detection efficlency
ta reduced to B0% at an Incident count rate of 106 s~!. At this count rate
there is also a significant loes of energy resolution and pulse height.

The count rate incident upon each detector could be reduced by increasing
the distancs of the detectors from the sample. However, as an lnoreased
number of detectors would be required to cover the same scolid angle, tha
fraction of this solid angle taken up by the inactive edges of the
daetactors would be increased. Also, at low energles, there would be a loas
of counts due to absorptlion by the air. Alternatively higher detection
efficiency at high count rates could be obtained by replacing the HaI({TX}
crystal with a plastic scintillator. A detector with a 50 mm cube of NE102
plastic scintillator is currently being tested. This aecintillator has a
dead-time of only 2.5 ns. A scintillator of this thickness will absorb 98%
of photona with an energy of 15 kaV, and 90% of 20 keV photons. An EXAFS
spectrum obtained with this detector at the Cu K-edge 1s shown in £1g.8. R
gpaectrum obtained with a NaI{Tl)} detector 1s shown for comparismon. Both
spactra were taken with the same inoldent intensity. In both oases the
detectors were in the horizontal plane at 90* to the beam direction. The
background count rate was higher for the plastic scintillator dua to
radiation striking the side of the acintillator block. Thias background
could be reduced by ehielding the sidea of the block.

Plastic scintillators have extremely poor energy resolution. An
energy resolution at least as good as that of the NaI({TR) detectors can be

{g-12)

obtained using a multiwire proportional gas chamber A detector of

this type 1s capable of count rates of up to about 105 5~1 per wire with
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lees than a 5% dead-time 1095(12). In order to achieve these high count

rates 1t is necessary to minimise the digtance between the anode and
cathods wire planes. However to achleve hlgh detectlon efficlency a large
thickness of gas is required. The detaction efficlency ls limited to a
maximum of 89% by the fluorascence yield of the gae. An active thickness
of 10 cm of Xe at atmospheric pressure would give a detection efficlency of
83% for photons with an energy of 15 keV and 62% for 20 keV photone. If
the chamber were presauriaed to 2 atm. the efficiencies at these two
anerglies would be increased to 89% and B1%, respactively. The two
regquirements of high detection efficiency and high count rate capabllity
can be simultaneously satisfied either by having a number of alternate
clogely spaced planes of cathode and anode wires or by having a thick
converaion reglon geparated from a thin amplification reglon by a grid (see
fig.9). The former solution has the advantage of omaller drift dlstances
but Yith greater complexity. A chamber with removable wire planes has been
construoted and will be tested in both of the configuratlons described.

Ta CORCLUSION

Good guality EXAFS spectra have been obtained at the Gu and Mo K-edgea
with the fluorescence detectlion system commiesioned on the Wiggler line.
However, it was not possible to utllise the full intensity avallable owlng
to the pulge-pulse resclution of the electronics and the dead-time of the
detectors. To correct for these effects the count rates from the
individual detectors must be racorded. As this is not done at present, the
total incident count rate for all detectors must be limited to less than
4.5 % 105 8”1 to avold significant errors in the amplitude of the EXAFS In
the background subtracted spectra. With each detector connected to a
separate amplifier, discriminator and scaler, the incident count rate could
be increased to 4.4 x 105 g~1 per datactor without significant dead-time
aeffects. With such a system it would be poasible to apply a correctlon for
the loss of countas due to the dead-time of the detectors, and thus enabla
data to be taken with incident count rates of up to about 106 g1 per
detector without introducing errors in the EXAFS amplitude, but with
reduced detection efficlency. The count rate incident upon each detector

could be reduced by increasing thelr distance from the sample. This would,

BAIN-85/632 16



however, lead to a reduced efficiency at low energies due to absorxption by
cthe air. Greater efflciency at high count rates, and a count rate ospabil-
ity of greacter than 106 4! per detector could ba achieved by replacing the
HaI{T2) acintiillacors by plastic scintillators or by multiwire proportional
gas chambers. However, plastlc sclntlllatoxrs have poorer energy vesolution
than HaI(T2), whilet a wultiwire detector has a maximum detection efficlen-
cy of B9%, which ls lower than that of the RaI{TX} acintillators for count
rates less than 5 x 103 g~} per detector, <Count rates In excesas of 106 g-1
per detector are not avallable at present, but should become posaible if

beam focuasing optics are installed on the Wigglar line.

The wae of (Z-1) or (Z-2) folls placed in front of the detectors
slgnificantly leproves the quality of the apectra obtained. However, the
extent of this improvement is severely limited by the fluorescence of the
filcer. The amount of filter fluorescence reachlng the detector could be
greatly reduced by a collimator slit assembly placed between the foil and
che detector. However, the slit asaembly muat be carefully aligned with
the sample to minimise the loss of sample fluoreacence. A further small
luprovement in the data could be obtained by performing a welighted
summacion of the counta, using a welght proportional to the fluoraacence

fraction for each derector.
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