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X-ray diffraction study of Anodisc filters
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X-ray diffraction from Anodisc membrane filters is measured and analyzed. The patterns are consistent with
pores of constant diameter and a Gaussian distribution of pore-pore spacing. The mean distance between pores,
measured using x rays is 0.3Zm compared to 0.32um calculated from the nominal density of poresfcm
The results may be modeled both in terms of the convolution of a structure factor of the pores with the
resolution function, and by modeling the source as a collection of incoherent sources with an ideal monochro-
mator crystal. The incoherent source analysis provides an explanation for the common observation that the
resolution function in many x-ray spectrometers is better fit to a sum of Lorentzians, rather than a single

Lorentzian.
DOI: 10.1103/PhysReVE.65.046615 PACS nunier68.05.Cf, 68.18.Fg, 42.25.Bs
[. INTRODUCTION generally lead to pores that meander through the membrane.

In the pores studied, the thickness of the membrane is 300—

The use of x-ray diffraction to study the structure of bulk 600 times the mean pore diameter so this meandering of the
materials, surfaces and layers has been well characterizg®@res may have some secondary importance. However, the
and studied1-3]. A few years ago, the diffraction patterns Simplest explanation of the observed spectra is obtained by a
obtained from Anodis®” filters were examined4] and it ~model that has uniform sized pores, a Gaussian distribution
was suggested that simple diffraction phenomena were n&f pore spacing, and a broad source that can be modeled by
totally responsible for the observed behavior. This paper wil€ither a quasicoherent source or a resolution function. The
explain and analyze these spectra. In the process of analyziftgpendence of the measured spectra on the pore diameter is
these data1 we investigated the effects of the Coherenc@'na”; therefore, variations of the pore diameter about the
lengths, both longitudinal and transverse, of the x-ray beann€an are not included in the model. Experimentally there is
on the measured spectrum. Typically, these lengths are mudtery little difference in the spectra from 0.1 and Oudn
greater than any characteristic length of the objects bein§ore sizes and simulations of model spectra largely confirm
studied. For this reason, most analyses consider the x-rafpis result.
source to be infinitely coherent. Alternatively, the source’s
coherence is not explic?t!y included in Fhe analysis. Sinc_e Il. EXPERIMENTAL DETAILS AND RESULTS
measurements of quantities, such as critical exponents with
different spectrometers and sources, yield essentially the The experiments were performed on samples at room
same result, presumably this is not a serious problem in mog¢emperature. The x-ray diffraction experiments were per-
experiments. However, the analysis of diffraction from Ano-formed using a 12 kW Rigaku RU-200 rotating anode gen-
disc samples allowed a systematic study of a situation irerator with a Mo target and a two-circle spectrometer. The
which a coherence length of the incident x-ray beam is comunit was operated at a potential of 40 kV and a current of 20
parable to an independently determined characteristic size ®A. A pair of single Si(111) crystals was used as a mono-
a structure and an interstructure distance. This paper summeahromator and analyzer to select the Ma doublet. Be-
rizes our results in this area, and shows how the spatial sizeause the measurements were made at very small scattering
of the source, and hence its coherence properties have beangles, the separation of théx; and Ka, lines was not
implicitly incorporated into standard analyses. We will alsoanalyzed. Twox-y slits with tantalum blades were placed
discuss how these coherence effects can be incorporated inafier the monochromator crystal. These define the x-ray spot
analyses of diffraction patterns. size and the out-of-plan@ut of scattering planeesolution.

Anodisc membrane filters are distributed by the WhatmarThe corresponding longitudinal and transverse resolutions
Company. They are made of aluminum oxide and are supef our spectrometer areAq~2X 104 A and Aq,
plied with a nominal thickness of 6@m. These filters are ~3Xx10 ® A, respectively. The sample plane is approxi-
readily available with several different nominal pore sizesmatel 2 m from the anode. Details of the experimental setup
and provide a reproducible test platform for the measureean be found elsewhe(8].
ments. In these filters, the pores are not circular in cross The arm-zero profile, which gives the fundamental longi-
section and form a somewhat random honeycomb structurdgdinal resolution of the spectrometer, can be fit to the sum
however, the variation in the size of the pores is rather smalbf three Lorentzians. In this scheme, one Lorentzian is cen-
and the distance between the pores is larger than a typictéred at zero scattering angle and the other two are symmetri-
pore diameter. The pores are initially formed by bombard-cally displaced by a small anglé from zero angle. This
ment of the membrane by particles. The pores are then empirical procedure has been commonly appliéldand has
etched to the final cross-sectional area. Since the aluminutihe advantage of making convolutions with theoretical forms
oxide substrate is generally polycrystalline, this etching willsimpler than other schemes. However, there is no firm theo-
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of 0.32 um. This is smaller than that obtained by fitting the
x-ray data. This value depended on the type of fit, and pore
size, but is within 5% of 0.37um. Moreover, these two
distances are larger, but not an order of magnitude larger

than the two transverse coherence lengths of the x-ray beam.
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—2f A. Quasicoherent source analysis

The study of partially coherent sources in optics is well
known; this section will apply some results from this area to
the analysis of these x-ray diffraction experiments. Electro-
magnetic wave coherence is described in terms of coherence
in the direction of propagation of the wave, the “longitudinal
. . coherence length,” and transverse to the wave, the two
Scattering Angle (radians) “transverse coherence lengths.” Similar words have been
used to describe the resolution of the x-ray spectrometer.
When discussing the x-ray spectrometer these terms have
Odifferent meanings. Transverse means perpendicular to the
scattering vector and in the scattering plane. Longitudinal
means within the scattering plane, parallel to the scattering

retical basis for this form other than the significant observaector Finally, the direction perpendicular to the scattering

tion that it yields a good fit, and it makes further data analy-Pa1® IS known as the "vertical” direction. To minimize con-
y 9 : Y-fusion we will designate the electromagnetic wave coherence

sis significantly easier. Later, we will present a theoretical . . )

model that fits the data better than this model, and explain%:‘?ngth in the scattering plane as the horizontal coherence
why the resolution function is not a single Lorentzian. The ength and the_vertlcal coherence_length the corresponding
primary experimental results of this study are shown inIength perpgnd!cular to the_scatterlng plane. _
Fig. 1. Th(aT Ior.lgltudmal correlat|or.1 length of an_electromignenc
The top of Fig. 1 is a graph of an experimental scan of arfVave is given by the expressig@] |~ (\/o\)\, where\ is
Anodisc filter of nominal pore diameter Om. The central the mean wavelength of the radiation aél is the band-
peak is resolution limited. The bottom spectrum in Fig. 1Width of the radiation. For the M&« doublet this length is
shows the corresponding data for a pu filter. Once more, ~ foughly 120 A. While for either thi«; or Ka, lines sepa-

the central peak is resolution limited. Both of these curves/ately it is approximately 0.18 nm. This length is important
when normalized to a peak value of 1.00 as shown are ed? temporal interference experiments and is of no more con-
sentially identical. This result is surprising and indicates thecern in the present contefd,10].

need to carefully explore the origins of these scattering pat- The transverse coherence lengths of the beam are related
terns. The following section of this paper will present afO the spatial coherence of the x rays incident on the sample.

model that can be used to analyze these diffraction patterndhese lengths reflect some of the properties of the effective
source, such as its finite physical size and the fact that dif-

ferent parts of the source emit radiation of different phases.
Our analysis of these lengths proceeds as follows. The por-
tion of the anode that is struck by electrons from the filament

The superposition of the diffraction patterns for two dif- IS rectangular in area and is 30 mm’-. The exit ports
ferent pore sizes indicates that the phenomenon is subtlélits) are constructed so that this area is viewed at a take-off
than diffraction from essentially isolated holes in a mem-angle of approximately 6°. Thus, the “footprint” of the x-ray
brane[7]. This section will analyze the data using both ansource is roughly 081 mnt. This radiation is matched to
optical model and the more standard x-ray approach in whicRn entrance slit of the monochromator by another slit of
the measured spectrum is the convolution of the sample’@”dth less than 1 mm. The effective width of the slit will
structure factor and the resolution of the spectrometer. wéepend on the acceptance angle of the monochromator crys-
will demonstrate that these two approaches are nearl{al and can be less than 0.1 mm. In the present experiment,
equivalent and in the process demonstrate why the resolutidh€ Separation between the anode and the first slit is of 30 cm
of so many high-resolution x-ray spectrometers is well rep2nd the slit width is 1 mm. This corresponds to an angular
resented by the three Lorentzian model. variation A¢ of 3x10 3 rad. The energy width of the

Two characteristic length scales describe these sampleBragg reflected x rays, assuming reflection from an ideal
The first is the linear dimension, or diameter, of an averagétystal, is limited by the collimation. It is expressed &E
pore. This is 0.1 or 0.2xm; depending on the filter studied. =A6Ek,./tands €V~300 eV[11]. Here,E_ is the energy
The other length is the mean distance between the poresf either Mo Ka x-ray line (in eV), and 6g is the Bragg
This is larger than the pore size. The specifications of thesscattering angle for the $111) plane. This is substantially
membranes state that there ar€ pores per crhof mem-  wider than the energy separation of tie; andK a, lines
brane[8]. Thus, the mean distance between the pores is théapproximately 105 ey and thus this slit is incapable of
square root of the reciprocal of this number,820° cmor  separating th& «; andK a, lines. The width of the beam is

-2.5F

-3 f

log [Normalized Intensity]

=3.5}

-0.0006 -0.0004 -0D.0002 o 0.0CC2 0.00C4 0.00C6

FIG. 1. Logarithm(base 10 of the normalized scatter intensity
from a 0.1 um pore diameter filtetop) and a 0.2 micron pore
diameter filter vs scattering angle. The lower curve is displace
vertically by 1 unit.

IIl. MODELING OF DIFFRACTION PATTERNS—
ANALYSIS OF THE DATA
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set by the second set of slits after the monochromator crystal
and is less than 1 mm wide. The primary purpose of the

monochromator crystal and two pairs fy exit slits is to Detector
reduce the bremstrahlung and lines other tKanradiation, r
and ensure a well-collimated beam. 3
In this analysis, the radiation from the anode is modeled ETtl xTla ?
as a maximally incoherent planar source of uniform illumi- 1| r a

nance and the monochromator crystal is assumed ideal. Thu: source
individual areas larger than approximately one wavelength of

the x rays(0.07 nm) on a side are considered to be incoher-

ent. By considering the anode as a collection of individual Siit

rad_lators, we may apply the Va_n Cltter-Zernlk_e the‘?fem of FiG. 2. Experimental geometry showing how the distances and
optics to describe the propagation of mutual intensity fromeggrdinates are labeled.

the source. The derivation of this theorem can be found in

Ref. [12]. The important result of applying this theorem is no effect on the model spectrum.

that, apart from a phase factor and a scaling factor, the mu- The various coordinates and distances needed to model
tual intensity(which is collegially the intensityis described diffraction from a collection of parallel slits of widtha&2and

by the two-dimensional Fourier transform of the source in-finite-sized source of width 2is shown in Fig. 2. The dis-
tensity distribution. From this result and the assumption of dance between the source and the sanibiat is now mod-
uniformly bright incoherent source of ardg, one obtains eled as slitsis r. In the spectrometer, is sufficiently large

the following expression for the coherence area at a distanc@nd the pore sizes sufficiently small that the far-field ap-
r from the sourcg13]: Acoherencéw"(rx)zlAs- This can be Proximations are valid. A line through the centers of both the

represented as the product of the two transverse cohereng@Urce and the sample defines the “zero angle.” The scatter-

lengths that are produced by an effective source of dimeni"d angled is measured from this line as shown in the figure.

SioNS Ihorizontal @Nd |yericar @and expressed as follows: T_h|s angle is sufflc!ently small that_ln the follow!ng mo_de_l
Ny Ny sinf~4@. The coordinate that describes the position within

Acoherence%(r)\/lhorizontaD(r)\/lvertical)- In the present situ- i i ; i it
b : : : the source i, while the coordinate describing the position
ationr=~2 m, and assuming the source is the anddsis a within the plane of the slits ig. The origin of these is the

rectangle with sides estimated to be 0.5 mm wide and 1 mm

; . %enter of the source slit, and the center of the central slit in
high. Thus, the coherence area, roughly an area over Whlcthe sample
the beam may be considered coherent, is also a rectangle, pie. . P
Consider x rays produced in an infinitesimal part of the

whose longer coherence length is in the horizontal directionS urce of widthd¢ located atg. The x rays from this infini-
Using the source size discussed above as estimates, V'Elegsimal width will produce cbherent s)éatterin due to the
find the vertical coherence length is roughly 70 nm, while thesl.tS For a sinale sIF; in the sample plane the ad%'t'onal hase
horizontal coherence length is roughly 140 nm. The model- Is. h ’ gf - P F} he inci ”I' h P
ing to be discussed in the following section as well as the(be)_/c')nd t gt 0 dlrect_ propagatlblm the incident light at
secondary peaks in the spectra indicate that this horizontﬁos't'onx within the slit is
coherence length is an underestimate. Notice that the vertical ikxé
coherence length is similar to a typical pore diameter of 100 exp( )

or 200 nm. For this reason, we anticipate that pores separated

_by significantly more than a vertical coherence Iength will beln this expressionk is the magnitude of the wave vector of
illuminated by incoherent x rays and do not contribute 0,4 incident x rays, 2/\. This incident radiation will be

coherent scattering and interference effects to the meas”r?ﬂ‘fracted by the slit, causing another phase shift, given by
spectra. ’ ’

Thus, our model will be simple. We treat the system as exp(—ik6x). 2)
essentially one dimensional. This is a poorer approximation
for the larger pores, as results of the modeling will indicate.Here, the approximation sii~=6 has been made. The dif-
Note also that the relative smallness of the horizontal coherfracted intensity of the whole slit due to this infinitesimal
ence length means that neighboring pores in a single verticaource is found, using scalar diffraction thediy], by inte-
plane are illuminated by a partially coherent x-ray beam. Ingrating over the slit and squaring the result,
the present model, the source will be treated as infinitely

()

high and of variable width. The width of the source &ill di(6)= ja exp(—ikxe)ex;{ ik_X§>dX zdg

be treated as an adjustable parameter and will be adjusted to —a r

obtain a good match to the data. The sanifileer) will be

modeled as long parallel slits of fixed width 0.1 or Oz@m [ sifka(6+¢&/m)]]?

with a mean center-to-center spacing modeled by a Gaussian —aa T[ka(6+ €] dé. )

distribution whose mean and standard deviations are varied
to fit the data. The poréslit) width is modeled as a constant In this expression, for simplicity, overall constants have been
since a 10% variation about the mean width had essentiallget equal to unity. The intensity due to this single slit and the
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whole incoherent source is found by integrating over the 1 1
source that is modeled as an infinitely long slit of width 2 %“ 0.5 0.5
c
t [sinka(g+ &/r)]]? ]
I(0)=4a2f —_— (4) £ o 0.1
-t Lka(o+é/r)] 8 0.05 0.05
Alternate expressions in terms of the mutual intensity func-%
tion are in Ref[12]. Of course, the samples studied contain § 0.01 0.01
multiple pores. The effect of a series of slits is discussed iNQ ; 405 0.005
Ref.[14]. The previous solution, Ed4), is modified by in- Z . _ . . . .
cluding the appropriate interference tefrs]. For N slits of -0.0006 -0.0004 —0.0002 O  0.0002 0.0004 0.0006
fixed width 2a and spacing B, one finds that Scattering Angie (radians)
t [sinka( 6+ &/r)]]? 1 1
|(0):4a2J w '..? 0.5 0.5
—t| [ka(6+¢/r)] 2
)
1 | SirP[Nbk( 6+ &/r)] £ ° ot
_2 - dé.‘ (5) o) 0.05 0.05
N?| sirf[bk(6+ &/r)] @

. X X . ;(6 0.01 0.01
Finally, allowing the pore spacingt?to have a normalized g . 0.005
Gaussian probability distribution, one can writéd) as a S
double integral over the source fromt to t and the pore Z o 001 6 001

SpaCIHg’b as fOIIOWS -0.0006 -0.0004 -0.0002 [+] 0.0002 0.1;004 0.0006
Scattering Angle (radians)

FIG. 3. Normalized experimental datpoints and fits (lines)
from the model, Eq(6) vs scattering angle. Top, 04Am pore size;
siMka( 6+ g/r)]}2 bottom, 0.2um pore size.

[kKa(f+&lr)]

= 1
I(0)=4a2f 5 2exp:—4(b—b0)2/2(rz]db

T
t
J|
—t
1
N2

ture factor (for infinite coherence length x raywith the
_ (6) longitudinal resolution function of the spectrometer. This
procedure will also yield a similar result.
The size and width of the secondary maxima and the

In this expressiow is the standard deviation of the probabil- depth of the valley between the central maximum and these
ity distribution, and b, is the mean value of the interslit secondary peaks in the experimental data place a serious
spacing. The inclusion of a distribution of slit widths can beconstraint on the coherence of the source. The source appears
accomplished in a similar manner. This requires one moreo be well modeled by a slit of widtht2mm as described by
integration and correspondingly more computation timethe experimental geometry and our model. However, model-
This integral was evaluated by performing a numerical inteing with source slits that are too wide leads to wider second-
gral overb, and summing ove¢ using values so small that ary peaks than are observed experimentally. Similarly, a very
the source could be considered coherent. The programs wesenall source width leads to valleys that are significantly too
implemented usingnATHEMATICA . Both the simulated data shallow. By performing numerous simulations, we found that
and the experimental data indicate that the model and olthe effective source width is substantially smaller than 0.5
served spectra are essentially independent of the slit widtihm estimated from the x-ray anode, and is much better ex-
(or pore diametgr so no integration over this parameter wasplained by a source of width 6@m. This is consistent with
performed. A value oN=20 was used; increasing or de- the high quality Si monochromator crystal employed.
creasingN from this value had no effect on the simulated The calculated diffraction patterns, based on this model,
data. are shown in Fig. 3. The calculation does not include any

By numerically calculatind (#) one can obtain estimates extra broadening of the diffraction features due to the spec-
of the slit(pore width 2a, the slit(pore spacing d, and the  trometer’s resolution function. This figure shows the loga-
source width 2. This calculation assumes a finite source andrithm of the data and the model predictions on the same
the diffraction pattern is measured with infinite resolution;scale. In this figure, the model also includes a component of
that is, we allowed the source to be the primary determiner ofindiffracted x rays. This component represents approxi-
the resolution. This would appear to be a poor approximatiomately 80—90 % of the total intensity. While the simulations
given the resolution function illustrated by the experimentalare not replicas of the experimental data, they show the es-
data as the central peak of the diffraction pattern. Howeversential correctness of the model and suggest its application to
this is not the case, as the results will show. The standardnalysis of data. In addition, the model is less exact when
analysis of this data consists of convoluting the sample struowider slits are modeled. This is because the wider pores are

SIP[Nbk(6+ &/r)]
sir[bk(6+ &/r)]
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less well represented by an infinite slit with parallel sides. 1 1
The 0.2um pore filters were fitted with a pore radius of 0.5 0.5
0.1 uwm and a mean pore spacing of 0.36m. The 0.1xm

pore filters were fitted with a mean pore spacing of o o

0.39 um. The effects of varying the width of the pore
spacing distribution were studied. In both cases,
0=2%X10"? um. It is found that the value ofo® of
0.0005+0.0001 leads to good replication of the closest sec-
ondary maxima. It is significant to note that the simulations 0.005
are not very sensitive to small variations in the source width . _ . . . \_
2t. A variation of a factor of 2 leads to very little change in -0.0006 -0.0004 —0.0002 ©  0.0002 0.0004 0.0006
the model spectra. : :

The expression for the diffracted intensity as a function of Scattering Angle (radians)
scattering angle, Eq6), merits further analysis. This expres-

0.01

0.0035

Normalized Intensity

sion can be rewritten as - ! t
2 0.5 0.5
‘B
® &
I(G)zAf f(b)dbf I'énf(ab;o+6dé (7) T ot e.1
—® ; c.05 0.0%
. g . . . m
Here f(b) represents the Gaussian probability distribution, &
; : : ; M o0.03 0.01
the diffraction and interference terms are written as £
f(a,b; 6+ &) [this is shorthand for the integrand in E&)], 50 0.003
['(&,1) is a function that obtains the value 1 f@/t|<1,and £

0 otherwise, and\ is a constant. Upon changing the order of —0.0006 —0.0004 —0.0002 0 0.0002 0.0004 ©.0006
integration, this form indicates that the diffracted intensity . .

can be written as the convolution of the Gaussian averageu Scattering Angte (radians)
dlﬂfractlon-lnt('arferenc'e term and a source fun,Ct[B(‘g’t)' i FIG. 4. Normalized experimental datpointg and fits (lines)
This _c;onvoIL_Jtlon is with the source term, not with feSO|Ut_|0nfrom convoluting the resolution function with the sample structure
function. This form suggests that a more correct analysis Ofycior. Top 0.1um pore filter, bottom 0.2um pore filter. The

x-ray diffraction patterns would include a convolution of the mean spacing between pores has been adjusted from those in Fig. 3
structure factor with the source function. This will be dis- to yield better fits.

cussed in the following section.

—26 scans are performed. In the present context, this means
that an alternate mode of the analysis of these patterns is to

The standard analysis of high-resolution x-ray spectra becalculate the structure factor assuming a coherent sotirce (
gins with the observation that the measured intensity is provery smal) and then convolute this expression with the mea-
portional to the convolution of the sample’s structure factorsured resolution function. This requires no direct knowledge
and the resolution function of the spectrometer. In this cal-of the source width and hence has one less free parameter.
culation, it is assumed that the source is perfectly coherent. [the calculation of the structure factor and the convolution
is further assumed that the resolution function can be sepavere performed numerically USINGATHEMATICA. The re-
rated into three spatial components and an energy comp@ults of such a procedure for both sizes of the pores and the
nent. Moreover, the energy resolution of the spectrometer i§ame parameters as used earlier are shown in Fig. 4. The
so broad that the spectrometer integrates over all energies fgSults are nearly identical to those obtained using the optical
the dynamic structure factor yielding the zero-time, staticnethod of analysis that had a partially coherent source
structure factor. Applying these ideas to the present analysi§hown in Fig. 3.

the measured intensity at a scattering angjlean be written ~ ThiS result suggests, not surprisingly, that the effects of
as the source are included in the resolution function. This must

be the case as the resolution function is measured with the
spectrometer aligned and all elements in place except the
|(‘9)°‘f R(6—6")S(6")do". ®) sample. This means that the resolution function, in a previ-
ously unexplored manner has included these source effects
In this expression$(6) is the static structure factddiffrac-  all along. Moreover, this explains why the resolution func-
tion pattern calculated for a coherent solre¢ scattering tion is not the expected single Lorentzian. The results shown
angle #, and R(0) is the longitudinal resolution function. in Figs. 3 and 4 also indicate that incoherence of the source,
The present discussion is in terms of the scattering anglalong with the angular acceptance of the monochromator
rather than the more normal scattering vecfofhese can be crystal, is a major factor requiring three Lorentzians to
easily related through the expressigr=ksind when #  model the resolution function.

B. X-ray resolution function analysis
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IV. CONCLUSIONS 1

The x-ray diffraction patterns on Anodisc filters with ‘E ' opg  Femiduals
nominal pore diameters of 0.1 and QuZn have been mea- € -8 59
sured and analyzed. The patterns are consistent with pores (g 1 oo S5 T00
constant diameter and a Gaussian distribution of pore-pore™ ©.6 o3
spacing. The mean distance between pores, measured usinc g o-8
rays is 0.37um compared to 0.32:m calculated from the M e.a gy  oTidmls
nominal density of pores/cmThe results may be modeled g ¢ 5ol
both in terms of the convolution of a structure factor of the i o.z2 001 57 Bo
pores with the resolution function, and by modeling the % 383
source as a collection of incoherent sources. The two analy 0 et | N ]
sis techniques are indistinguishable. The incoherent sourct —0.0006 -0.0004 —0.0002 O 0.0002 ©.0004 ©0.0006
analysis provides the explanation for the need to model the Scattering Angle (radians)

resolution function by more than a single Lorentzian. The

resolution function of a source with exponentially decaying FiG. 5. The measured resolution functigpoints and the fit
spatial correlations and infinitesimal width is a Lorentzian. (solid line) vs scattering angle. The top inset of the residuals is the
However, to obtain the resolution function of the whole arctangent form, while the lower inset shows the three Lorentzian
source, this Lorentzian must be integrated over the width oform. The numbers on the inset refer to data point number, 0 cor-
the slit. With this knowledge, it is not surprising that a sumresponding to the far left and 140 corresponding to the far right.
of Lorentzians, with all but one displaced from the origin,

leads to a substantially better fit to the resolution function

than a single Lorentzian. This is an expression for a Lorentzian. This expression is
readily integrated to obtain an analytic expressionl{a).
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the discussions of Fourier optics. 1(6)= J_t L0 £l = ?{tan‘l[kg(aﬂlr)]
APPENDIX: THE RESOLUTION FUNCTION —tan Y[kZ(6—t/r)]}. (A2)

The effects of the finite coherence of the source and an
effective source width roughly 10% of the physical width on  Thjs result can also be utilized to understand the shape of
the resolution function will be discussed in this appendix.the resolution function in this experiment. It has been com-
The simple case of a one-dimensional exponentially decreasnon knowledge for several decades that the resolution func-
ing correlation function in the plane of the source will be tion measured in such spectrometers is significantly better fit
discussed. This is a reasonable model for behavior of spatigh a sum of three Lorentzians rather than a single Lorentzian.
correlation functions. This is in spite of the fact that a single Lorentzian is the
The effects of a finite source on the measured resolutiogxpected form. While, the flat top of the Darwin width of the
function are somewhat more complicated than the previougrystal has been suspected as the cause of this effect, there
discussion. Following the standard approdt], we note  has been no previous analytic explanation of this result.
that the spectral density of the electron fluctuati®(g, )  However, Eq.(A2) the integral of a Lorentzian over the slit
is the time and space Fourier transform of the electronwidth also describes the resolution function. Figure 5 shows
electron correlation function. At this stage, we will assumethe measured resolution function, and fits to both the three
that the problem is essentially one dimensional. We furthef orentzians and the sum of arctangent forms. The residuals
assume spatial correlation function in the monochromatokre also displayed. Afr test of the two fits indicates the
crystal plane is a decaying exponential of the fo@(x)  arctangent form is a significantly better fit than the three
=exp(—[x|/¢), where the correlation length is given byThe [ orentzian form. The ratio of thg®'s of the two fits lies in
differential intensity leaving the monochromator crystal isthe tails of theF distribution. The value has a probability of
given by a modification of Eq(1) and reads occurrence greater than 2%. Furthermore, this form yields a
value of the width 2 of 54 um. This value is 10% less than
w that obtained from the fits to the pore diffraction patterns.
dl(a)ocf exd —|x|/{]exdi(0+ &/r)kx]dxdé Thus, by treating the monochromator as ideal and the source
- as incoherent the shape of the resolution function can be
explained. Of course, all real crystals have an angular accep-
— 2¢d¢ _ (A1) tance larger than zero. We believe that this is why the effec-
1+Kk222(0+€lr)? tive source width is smaller than the actual source.
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