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Atomic scattering factor for a spherical wave and near-field effects
in x-ray fluorescence holography
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A formula for calculating the atomic scattering factor for spherical x-ray waves is derived and used to solve
the near field effects problem in x-ray fluorescence holography theory. A rigorous formalism to calculate the
x-ray fluorescence hologram is then given so that quantitative structural information can be obtained from these
holographic measurements.
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[. INTRODUCTION atom using numerical integrals over the charge density asso-
ciated with the atorfi.In this way they correctly calculated
Atomic scattering factor$ASF's) are used in numerous the effect of the wave front curvature at expense of the
crystallographic calculations. Their values are tabulated irsimple form of hologram equation as in Ref. 5. With cor-
the International Tables for X-ray Crystallographyrhese rectly defined and calculated ASF for a spherical wave, as
ASF's are defined under the assumption that both the x-rawill be demonstrated in this paper, we can retain the simple
source and the detector are far away from the scatterers $orm, which is simply a sum of products of the precalculated
that both the incident and scattered x-ray can be representéddSF and an exponential phase factor of the atoms contribut-
by plane waves. This assumption is valid for most x-raying to the hologram, and include the effect of curved wave
scattering experiments until the emergence of x-ray fluoresfront. In the following section, the formula of the ASF for a
cence holographgXFH) in recent years=> XFH, because of spherical wave is first derived for a scalar field. The only
its unique view point, is a new technique with great potentialassumption is that the sour€er detectoy is outside of the
in exploring the local arrangements of atoms. However, itelectron distribution of the scatterer, which is always satis-
needs further developments in two respects. First, because fiéd in XFH experiments. A method to calculate the spherical
the low signal/background ratigypically 10 % to 10°%), it  wave ASF from the electron density distribution or from
takes several days to collect data on a single hologram evdabulated plane wave ASF's is developed. Its dependence on
with synchrotron radiation. The bottleneck is not the x-raythe atomic radii of the scatterer, the source-scatterer or
intensity but rather the detector speed. This problem willscatterer-detector distance and the wavelength is then exam-
eventually be solved with the development of high-speedned in the example calculations. Given the similarity be-
detectors. Secondly, the XFH is not yet a quantitative methotiveen the definitions of x-ray and electron ASF, the same
because the real space field intensity image reconstructetheme can also be used to calculate the spherical wave ASF
using the well-known Barton algorittthis deviated from the  for electrons in the high-energy regime, which can be used to
real electron charge density. This deviation may be caused byorrect the “small atom approximation” in photoelectron
the angular dependence of the scattering power of atoms byspectroscopy.In the third section, a XFH formula is derived
spherical wave. One way to solve this problem is to use drom the theory of a vectorial field. A generalized form fac-
nonlinear least-square-fitting algorithm to accurately recontor, which includes the near-field effects originates from both
struct the atomic arrangement; this requires a rigorous anghe vector nature of the electromagnetic field and the curved

forthright formalism to calculate the hologram. It is the ob- wave front, is obtained in terms of the Spherica| wave ASF
ject of this paper to derive the required formalism. In XFH, 3nd its derivatives.

the fluorescence atoms inside the sample are used either as
sourcegin direct XFH) or as detectorfin inverse XFH, also
called multiple energy x-ray holograptiEXH)]. The dis-
tance between the radiation source and scatterer, or the scat-
terer and the detector, is comparable to the size of the elec-
tron distribution of the scatterer. In this case, atomic The x-ray fluorescence hologram is formed by the inter-
scattering factors for a spherical wave should be used in thierence of the reference wave and the object waves. In direct
guantitative analysis for XFH. In most of the earlier works XFH, the reference wave is the fluorescence radiation from
involving XFH calculation, a first-order approximation has the emitter atom and the object waves are the scattered fluo-
been used.This approximation assumes that the size of therescence radiations from the surrounding atoms. In MEXF,
core electron distribution of the scatterer is much smallethe reference wave is the incident plane-wave and the object
than the radius of the incident spherical wave front and isvaves are scattered from the atoms surrounding the fluores-
thus valid only for a pointlike scatterer. Tegze and Faigelcence emitter. The intensity of the fluorescence is a record of
investigated this problem by first formulating the hologramthe interference pattern. In classical electrodynamics, the
of a single electron and then calculating the hologram of amormalized x-ray fluorescence hologram is written as

II. ATOMIC SCATTERING FACTOR
FOR A SPHERICAL WAVE
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wherer, is the classical electron radius ap@) is the elec- XJ u?j;(kw)j;(kuo)h{Y(ku)p(u)du
tron charge density. The is centered at the fluorescence 0

emitter; r;’s are the centers of the scatterers and c.c. is the A

complex conjugation of the first term. To concentrate on the :47Tfikie_'k”2| (21+1)i'Py(cosb;)
near-field effects caused by the atomic scattering factors, we
consider here only the scalar wave equation. The near-field
effects caused by the vectorial nature of electromagnetic
wave will be explored later. Leti=r—r; and assume that
u<r;, such thatr~r; in the denominator and~r;+r; ] o () 5

-u/r; in the phase term. We obtain the commonly used first +J|(kri)J_ Jitku)hi~(ku)p(u)u=dul. (6)
approximation "

x| hP(kr)) Jorij.z(ku)p(u)uzdu

Here#, is the angle between andk. With knowledge of the
f.(s) atomic electron Qensity, .Eaj6.) can be c_:alculatgd for any _
y(K)~—r.>, ——¢ilkri=kn) ¢, (2)  Value. However, in practice, it is more interesting to consider
i ri the situation when the source is outside of the electron dis-
tribution of the scattering atom. In this case, the second in-
; (o) — , —ik=KD)U e —k— L. ~ tegration in Eq.(6) is zero. The plane wave ASF can be
v;n:(r;_/rfi,(s,) [dupi(u)e » si=[k=kil, and ki expanded with Legendre polynomial as

Here f; is just the ASF for plane wave x rays. This ap- "
proximation does not take the curvature of the spherlcalf(|k' k|)= 4772 (2|+1)P,(c050)f jf(ku)p(u)uzdu,
wave front into account and is valid only whepis much 0
larger than the radius of the scattering atom. This assumption (7)

is generally invalid for near neighbor atoms; a more accuratih ¢ defined as the angle betwe&nand k', Eq. (6) be-
formula is needed. ' )

We define the spherical ASF as comes
o(lr=ri) 36,1 )— 'ka (21+1)i' 1P, (cosh)hM(kr)
fis(ei,ri)=rie‘ikn+ik-nf r————e gi (kr—ker)
ikr xf Pi(cos6)fi[ 2k sin(6/2)]sineds.  (8)
:rie—ikfif dup(u)Te—ik*u. (3) 0

One can easily verify Eq8) by assuming that; is very
large or thatp(u) is a delta function(so f;=z), in both the
By replacing thef;(s;) in Eq. (2) with (6, ,r;), one obtains casesf>(6;,r;) will degenerate intof(s;). The physical

the exact expression as given in Ed). meaning of Eq(8) is that the scattering power of an atom for
The spherical wave terne'*'/r can be expanded with a spherical wave can be represented by a weighted sum of
spherical harmoniés plane wave ASF with the same wavelength in all directions.
When Eq.(8) is applied to a very small; with tabulated
ik plane wave ASF values, e.g., whep equals 2.4825 A,
T —i4nk> (=)' M, (ku)hM(ku-) which is the nearest neighbor distance in a bcc iron crystal,
|

the series in Eq(8) is not convergent. This is because for
free atoms the electron density continues beyond the nearest
XE YIm(Qri) Q) (4) neighbor distanc;e in their crystal form. From Fig. 1, one can
see that for an iron atom a small part of the electron distri-
bution in the 4 shell is outside of its first neighbor distance
in the crystal. Therefore, the simple form of spherical wave
ASF in Eq.(8) is not valid in this case since the first integral
in Eq. (6) cannot be extended to infinity. Calculations show
. ) ) ) . that Eq.(8) can be safely used far, greater than twice the
e k=47 > (=)' (=1)™ ]} (ku)Y,™ (@)Y (Q).  nearest neighbor distance for most elements. Spherical wave
1m’ ASF can be calculated from E@6) if the radial electron
5) density is known. Even though the radial atomic electron
densities can be very well calculated based on the shell
Inserting Eqs(4) and(5) into Eq. (3), we have model of atoms, their values are not conveniently available.

and the plane wave term expanded as
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70 close to the nucleus so that the partial electron density given
] by
60 - e sc/4n=30.0 A 1
S,
—— s /4n=1.9R"" pp(r)=—2f Tf(s)—fu(s)Isin(sr)sds
50 2°r 0
S 0. 1 (= ,
= 40 = —zf [f(s)—fc(s)]sin(sr)sds (13
N'E | 27r Jo
<~
30 4 will give the correct electron density for largés. Figure 1
shows that the partial electron density calculated with a cut-
20 off sg/4m=1.9 A1 accurately represents the entire dec-
] tron distribution for an iron atom. The partial ASF(s)
10 4 represents only the electron distribution very close to the
] nucleus and can now be used in E8). The partial electron
0 . ' : : : : density which can be calculated with Ed.3) with known
0.0 0.5 10 15 2.0 25 3.0 plane wave ASF up te=s, can be used in Eq6) to ac-
Radius (&) count for the contributions to the spherical ASF other than

those fromf.(s). Now the spherical wave ASF is given as
FIG. 1. Partial electron distributions of atom iron calculated Kr
with Eq. (;3). The plang wave ASF for iron used herells basgd on fis( 0,,1)= _'e—lkriz (2l +1)i'+1P|(COSHi)C|(k,ri)
an analytical interpolation of one-electron wave functions built to 2 [
approximate the solution to Hartree-Fock equationsand is valid for (14
the entire range of (Ref. 14. For a cutoffs of 30 A™*, the partial g g
electron distribution calculate@olid line) is describes almost com-

pletely the full electron distribution of atomic iron.

0
2k sin( —) sin@d o

q(k.n)=hf”<kri>f”P.<cose>fc 5
0

It will be useful to have a formalism to calculate the spheri-
cal ASF with plane wave ASF values which are experimen-
tally measurable physical parameters. It is well known that +8m

T
h,(l)(kri)f j2(ku)pp(u)u?du
the plane ASF is simply a three-dimensional Fourier image 0

of the atomic electron distribution. For a spherical radial o
electron density model, we have +j|(kri)f j,(ku)h,‘l)(ku)pp(u)uzdu). (15)
fi
f(s)=4wfocp(r) sin(sr) r2dr (9) Equation(15) can be used to calculate the spherical wave
0 sr ASF for any physically meaningfut; values. The cutoff

values./4s must be greater thanXLAnd less than the higher
limit of the effective range of plane wave ASF value. Since 0
1 (= to 2.0 A1 is the effective range of the widely used analyti-
p(r)= _zf f(s)sin(sr)sds (10) cal representation of the plane wave ASF, the cutoff value of
271 Jo 1.9 A~1 used in the above example is a good choice for x
rays of energies less than 23 keV. In a crystal, the outmost
electron distribution of an atom will be redistributed due to
the neighbor atoms. Thus, the spherical symmetry is only
tributi . id H hat d approximately valid f(_)r the outmost electrons. C_alc_ulat_ion
ribution requires a wides range. However, what we N€ed g,y that the contribution from the electron distribution
for evalugtlng the sphencgl ASF from .E@) is the tail .Of ._outsider;, which is given by the second integration in Eq.
the atomic electron density far from its nucleus which iS(15), is negligibly small(Fig. 2), thus the error caused by the
determined by the love values off(s). We can calculate a gpperical symmetry approximation should be small. It is well
partial electron density by constructing a partial ABKs),  established that for plane wave ASF the x-ray reflection in-

and

The tabulated ASF values in thaternational Tables for
Crystallography are only available in the range a4
from 0.0 to 6.0 A", Evaluation of an accurate electron dis-

which is defined as tensities are well represented by the free atom values of the
b form factors and are not very sensitive to the small redistri-
fo(s)=ae ™ for s<s. and f (s)=f(s) for s>s;. butions of the electron®.
(11 As an example, the spherical ASF’s were calculated for an

Heres, is the cutoff value ok. Thea andb are defined by iron atom with differentr; (Fig. 3) and for different x-ray
setting the value and first derivative 6f(s) equal to those €nergiesFig. 4). With the exception of the 40 kev curves, a

of f(s) at the cutoffs, : cutoff s;/4w=1.9 A~1 and the four-Gaussian analytical rep-
resentation of plane ASF by Doyle and Turftewere used.
o f/(se) For the 40 keV curves, a cutofi/47=3.5A"1 and the
a=f(s;)e’, b=— 25.1(s0)” (120 five-Gaussian analytical representation of plane wave ASF

_ by Waasmaier and Kirfé2 which has an effective range
Thef.(s) as defined corresponds only to the electron densitfrom 0 to 6.0 A, were used. The calculations show that the

144109-3



JIANMING BAI PHYSICAL REVIEW B 68, 144109 (2003

002 2.4825

—_ I 2 Vs N e 2.8665,
4 c
-0.02 g
[53
v T T T T T (1}
0032 40 80 120 160 °
002 hr
= ]
3 0% S B i AN vy sunne e X S 2.8665R
L 4.05384
0.02 7 |-——- 5.7330A
0.03 4
' 1 T 1 25777777
0 40 80 120 160 0 20 40 60 80 100 120 140 160 180
6i(degree) 6, (degree)
FIG. 2. The imaginanftop) and real par{bottom) of the con-
tributions to the spherical wave ASF for iron from the electron
distributions beyond its first and second neighbor distance. The
x-ray energy is 8 keV. a5
30 b —— 2.4825H |
real parts(and the magnitudeof the spherical wave ASF’s [~ e 2.8665A

e 4 538K
------------ 5.73304

are about 10 to 20 % less than the plane wave ASFs for the 25|
first neighbor scatterers around the forward scattering direc-
tion (6;=0) and approach the plane wave ASF values at
high angles. This correction is mainly due to the curved
wave front. The plane wave ASF will reach the electron
numberZ in forward scattering because in this direction the _~ 1.0
complete electron density distribution in the atom has the

(electron)

same phase. This will never happen for a spherical wave. 05

The fact that the real part of the spherical wave correction 00

vanishes at higher angles can be understood by looking a

Eq. (9). The contribution to the ASF is mainly from electrons 05 —v—v—1——1—+———————
near the nucleus of the scattering atom for hsgince the 0 20 40 60 80 100 120 140 160 180
function singr)/sr acts as a function for highs. The curved 8(degree)

wave front correction is smaI_I for inner shell eIecFr_ons. The [ 3 (Color onling The difference between the real part of
imaginary part of the spherical ASF has a positive valugne spherical wave ASF and the plane wave A&p) and the
about 10 to 20% of the atomic electron number and apimaginary part of the spherical wave A%Botton) for iron calcu-
proaches a small negative constant at higher angles. Thisted withr; equal to its first, second, third and fourth neighbor
correction is a combination of the curved wave front effectdistance at 8 keV.

and thg i erendence of the s_phe_zrlca}l wave gmplltude. The Ill. NEAR EIELD EFFECTS DERIVED

1/r weight in the electrqn distribution integration makes the. FROM VECTOR THEORY

apparent scatterer position closer to the source. Hence this N i _
contributes a negative phase shift. This shift does not depend In addition to the near field effects caused by the spherical
on the scattering angle. The overall effect of the sphericayvave front, there are also near field effect terms caused by
wave ASF correction is that when the scatterer is between thif!€ vector property of the x-ray wave. In Ref. 5 these terms
source atom and the detector, it is 10 to 20 % less in scattefVeré considered under the plane wave approximation. Now
ing power and apparently shifts away from the source. Wher‘{‘f'th the spherical ASF, we can give a more accurate expres-

the scatterer is on the opposite side of the source relative t??grfg\r/vg]e?fo:ﬁrmz cIJrI;)'((jaléfC:hﬁthfa?tgr;it?iES\?vg\?etzl?‘ine Ipdoilgt
the detector, it has an apparent position shift towards th Y ject,

e iven by'®
source. The curved wave front correction is larger for shorte "
source-scatterer distan¢€igs. 2 and B and higher x-ray E(r)=V><V><[g(r)p]——§V
energiesFig. 4 as shown. Figure 2 shows the contribution k
to the spherical ASF from the electrons beyondThe larg-

est contribution is for the first neighbor scatterers and is less ><V><f dr'{g([r—=r'])p(r")V'xXV’'x[g(r")pl},
than 0.03 electrons for iron at 8 keV. The outer shell electron
contribution is less for higher energiésot shown. (16
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FIG. 4. (Color onling X-ray energy dependence of the ASF for
a spherical wave. Top: real part of the spherical ASF minus the

plane ASF. Bottom: imaginary part.

whereg(r)=exp(kr)/r andp is the electric dipole moment
we can simplify Eq(16) to

atr=0. Assumingr>r’,

E(r)=k?g(r)nX|p—

r .
k_;EI e—|k~riVi><Vi

><(Jdue—ik'up<u>g<|ri+u|>p) xn

=k?g(r)nx|p—

r .
k_ZEI e—|k~riVi><Vi

X[7(ri,6)p]|Xn

Heren=r/r,

17

7(ri,0;)=g(r)f(6;,r;), and the sum is over

PHYSICAL REVIEW B 68, 144109 (2003

x(K) =2 xi(k)
o
with xi(k)=— 1z VX %X [(r;,6,)p]- Pa/p-Py
+c.c. (18)
Here p,=nXpXn=p—(n-p)n. After some tedious but

straightforward vector algebra, we have

r .
Xi(K)=— Ege"k'”[ —p-paVin(ri,6)
(92

+(pFi)(Pn- ?i)m

n(ri,0)+[(p-Ti)(Pn-8)

a1 4
+(pn'ri)(p"9i)]o-)r (r (90)7](r"0)

g 1
H(p-B)(pa-B) - (arl - a_az) 71,0
1/ 0
+(p- @) (Pn- (P|) (arl

1 d
+m(90)’7(r" ”}/p'pnﬂ-c- (19

For direct XFH, the electric dipole momeptis averaged in
47 solid angles since the fluorescence radiation is unpolar-
ized. So we now have

xi(k)= _reeik'r‘[ 7(r;i,6;)(1+cos 6;)/2

1

. 3cog -1 9
2k?

I a_rln(rl! i)

cog26,) 9°
+—2——0;7;(r,,0)
sin26,) &
+—
I (9ri(99i
1-3sirf 6, 9
rZtan6;, 6, "

7(ri,0;)

(ri,0,)|;+c.c. (20

In deriving Eq.(20), we note that the functiom(r;,6;) sat-
isfies the Helmholtz differential equati(mzn+ k?7=0. The
derivatives ofz(r;,6;) can be calculated using E). For
example, an(ri,6,)/a6, = k/22,(21+1)i' " *P{(cosa)h™)
(kr,) JoPi(cosh)f[2k sin(@/2)]sin 6d6. Here Pﬂ(cos&i) is an
associated Legendre polynomial of ordeand degree 1.
For MEXH, we assume the incident x-ray wave is polar-

ized and theE vector is perpendicular tk and surface nor-

all surrounding atoms. This leads to an expression for thénal of the sample, as in the case of synchrotron radiation,

hologram

then we have
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Xi(k)= _ree_ik'ri( n(r;,6,)(1—sir? 6; cos ;)

. 1[1-3sir? 6, cog ¢; 9 ;
i2 ri a—riﬁ(fi, i) £
B
+C0€{29i)COSZ(pi 9? ; g
B —— . S——————— 1 r4' . :
riz (wizﬂ(l i) =
| i £
sin(26;)co ¢; 4 <
+ 7(ri,0) o
ri Iridb; —— Plane Wave approximation

----- Rigorous formula

1-cos ¢i(1+3sirFe) o 1} By S NFE due to vector property
+ r?tang; a6, n(ri.6) | +c.C. ——— NFE due to Curved Wave Front
(21) 60 8 100 120 140 160 180
If the incident beam is unpolarized, ER1) needs to be o (degree)

averaged overp; and will be the same as EO). In Eqgs.
(20) and (21), the x;(k)’s dependence on the direction lof
is through#, , which is the angle betwedaandr;; and¢;,
the angle betweep andr;— (n-r;)n. They can be expressed
in terms of the spherical coordinates &f (6, ¢) and
ri(6 ,¢/) in a coordinator system fixed on the sample

cos#;=cos# cosh] +sindsing cog¢—¢;),

cosg;=sin(¢— ¢/ )sin 6/ /sin 6, . (22

07r (1/angstrom)

Combing Eqgs.(18), (20), (21), and (22), the x-ray fluores- S
cence holograms can be calculated with consideration of%
complete near field effects. Figure 5 shows a calculated
xi(0,¢=0) curve for a single emitter-scatterer pair of iron
atoms. The fluorescence emitter atom is at the origin while
the scatterer is at 2.4825 A along tkeaxis (e.g., 8] = ¢/
=0). The calculation shows that at an x-ray energy of 6.4
keV, the corrections due to the two kinds of the near field
effects are comparable. At x-ray energy of 20 keV, the cor-
rect!on due to the curved wave front is larger while the co" " FiG.s. (Color onling X-ray fluorescence hologram curves for a
rection due to the near field effect caused by the vector flelgingle pair of iron atoms separated by 2.4825 A. Tdp:
properties is smaller. This is because of thk’ dependence —6.4keV. Bottom: E=20 keV. Comparison is made with the
in Eq. (20). plane wave approximation of Ref. 5. The contributions from the
A generalized atomic scattering factor can be defined as gyo kinds of the near field effect\FE) to the hologram are also
function of §; andr; for XFH or MEXH with unpolarized  shown in the plots.
incident beam

fo(ri,6)="13(r;,0,)(1+cos 6,)/2

— Plane Wave approximation
----- Rigorous formula

------- NFE due to vector property
---------- NFE due to Curved Wave Front

M 1 M J v ¥ M 1 M i M ] M ) M 1
40 60 80 100 120 140 160 180
0 (degree)

scalar form as of Eq(2) can be used to calculate the holo-

N ik (3 cog 6, 1)i (r ) gram in XFH or MEXH with unpolarized incident beam. The
2k? : gr; M7 near field effect caused by curved wave front is contained in
) the spherical wave ASEX(r;,6;) while the near field effect
cog24;) (9_ (r.6) caused by the vector property is presented in the four terms
ri 30?77 b in the squared parentheses. Figure 6 shows the real and
5 imaginary part of the generalized ASF for iron atom at 6.4
+sin(26) d 2(ri.6) keV as function of¢; with r;=2.4825 A. Since the general-
Yoriae, T ized ASF is a slowly varying function of and ¢;, it can be
. stored in a two dimension array at incremengand 6; val-
1— 3 sirt 6; K n(r; 0,)} (23  ues. When calculating the x-ray hologram, the values of the
ritand; 96 U generalized ASF at any and 6; values can be retrieved by

interpolation. For MEXH with polarized incident bediag.
With this generalized atomic scattering factor, the simple(21)], the generalized ASF can be divided into two pdgs
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LN lation. In addition, the near-field effects due to the vector
ul | Plane Wave ASF N ;
TN | Generalized ASF (Real Part) property of the electromagnetic field is comparable to the
210y -~ Generalized ASF (Imaginary Part) curved wave front correction for low x-ray energies and must
20] RN also be included for most of XFH calculation. For both kinds
= "7 % of near-field effects, the rigorous expressions for both XFH
g 16 % and MEXH are given. These expressions are essential for
3 ] Y advanced reconstruction methods based on least-square-
L z: . e fitting algorithms.
< 6] - o There are other approximations in XFH theory, i.e., the
6] T single scattering approximation and the point dipole moment
P BN source approximation for the fluorescence atoms. Unlike
2] photoelectron holography, in XFH the multiple scattering ef-
0] T fects are generally negligible due to the small cross section
2 e for x-ray scattering. On the other hand, since only the inner
0 20 40 60 80 100 120 140 160 180 shell fluorescence is used for XFH experiment, the size of
6(degree) the radiation source is also negligible. For example, the ra-

) ) ) _dius of the & shell of an Fe atom is 0.03 A, which is only

FIG. 6. The regl and imaginary part of the generalized ASF Wlthabout 1.3% of the nearest neighbor distance in a body cen-
r{=2.4825 A for iron atom and x-ray energy of 6.4 kéWe Ko torad cubic iron crystal and much smaller than the wave-
Ilnt_as)._For comparison, the p_Iane wave ASF multiplied by the po'length of ironK,, line. Therefore, the error caused by the
larization factor (1 cos 4)/2 is also plotted. point dipole moment field approximation should be one mag-

1 ) _ ) nitude smaller than the corrections considered in this paper.
=Tg(ri )+ (i 8)cos’ ¢;. In this paper we consider only oreover, because of the spherical symmetry ofgrghell
the Thomson scattering. When x-ray energy is close to th@jectron distribution, the dipole moment size effect should be
absorption edge, the complex anomalous scattering factggotropic and hardly detectable in XFH measurements.
should be added to the generalized ASF.
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