
DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY
DESY 5R-83-01
Oanuary 1983 liorary

17 Jan. 2002

A METHOD FOR THE QUANTITATIVE DETERMINATION OF SYNCHROTRON

RADIATION X-RAY SPECTRA FOR ABSOLUTE XRF - TRAGE ELEMENT DETECTION

by

"olkiehn and W. Pete;

ISSN 0723-7979

NOTKESTRASSE 85 • 2 HAMBURG 52



DESY behält sich alle Rechte für den Fall der Schutzrechtserteilung und für die wirtschaftliche
Verwertung der in diesem Bericht enthaltenen Informationen vor.

DESY reserves all rights for commercial use of information included in this report, especially in
case of filing application for or grant of patents.

To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX ,

send them to the following address ( if possible by air mail ) :

DESY
Bibliothek
Notkestrasse 85
2 Hamburg 52
Germany



DESY SR-83-01
January 1983

ISSN 0723-7979

A Hethod for the Quantitative Determination of Synchrotron

Radiation X-Ray Spectra for Absolute XRF - Trace Element Detection

G. Tolkiehn and U. Petersen

Inst. f. Anorganische und Angewandte Chemie

Universität Hamburg, 2000 Hamburg, FRG

Abatract

In the X-ray energy ränge the principal calculability of the

Synchrotron radiation flux-density and polarieation apectra is

litnted in practice by the faßt that the essential parametera

of vertioal electron beam croaa-section and -divergence are not

Dell knaun due to inatabilities that csn ocww at higher etored

currenta. This difficulty in calculating absolute X-ray apectra

from first prinaiples can be overcome by a semi-empirical method:

By a Polarisation measurement over a large energy ränge, effective

electron beam parameters can be defined that lead to reliable cal-

culated X-ray flux-density and Polarisation apectra. Vith theae

dato experimental ecattering spectra could be verified extremely

uell on an absolute acale over an energy ränge of 2 keV to 35 keV.

This is a necessary premise for the development of a method of

absolute maSB deternrination from XRF - speatra with Synchrotron

radiation excitation.

to be published i n : Suclear Instruments 4 Methods
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Ijuroduction

The Synchrotron radiation emitted by an assumed electron beam of zero

cross-section and divergence in a storage ring has a well-known spectral

and angular intensity and polarisation distribution. These angular distri-

butions are centered in the direction of electron momentum and have half-

wid t h s of the otder of 0.1 mrad in the X-ray energy ränge. In a real storage

ring the electron beam itself has a finite spatial and angular density.

Its angular half-width is usually also of the order 0.1 mrad and also the

ratio of its spatial half-width (beam-diameter) to distance source to

experiment is usually of this order in X-ray rings.

Therefore size and divergence of the electron beam have to be included

into the calculation of Synchrotron radiation X-ray flux density and Pola-

risation. This applies especially for intensities in cases where large

angle scattering in the orbit plane occurs, so that strong polarisation

corrections have to be included due to the linear polarisation of the

X-rays (scattering background in XRF-measurements, energy-dispersive

scattering intensities).

Quantitative^ description of a storage ring X-ray source

In principle the source can be described äs a density function in a phase-

space with three spatial and three momentum dimensions. In most cases only

small parts of the total electron orbit contribute to one experiment, and

the radiation is emitted only into directions close to the tangents of the

ideal orbit. Therefore, it is useful to define the coordinates given in

Fig. l for the deacription of the source.

A simple calculation snows that the time averaged effective SR-source

is approximately homogeneous in the horizontal angular coordinate (x1)

and that only a short z-range contributes to the source, if - äs usual -

the experiment accepts only a few mrad of horizontal divergence. Therefore,

the z-dependence of the source parameters can be neglected anathe x'-depen-

dence approxioiated äs constaut. The source can be described assuming

2
Caussian distributions in all remaining variables äs :
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where x and y are the hwhrc of the distribution at x' « 0 and v 1 " 0.
°

a and ß are electron optical parameters (see e.g. Green ), which result

from the magnec lattice of the storage ring. The parameter a describes

convergence ot divergence of the electron beam depending on its sign

similar to the covariance of y and y', whereas ß can be viewed äs

determining the ratio of spatial to angul&r width of the vertical

distribution. The values for x , a , ß and y vary alongthe electron orbit.

Obviously the horizontal variables give a simple intensity factor proportional

to the horizontal width of the entrance slit and are therefore no longer

discussed here,

This distribution (1) has to be convoluted over y' with the Polarisation

components of the photon emission probability. Programs for the emission
4

probability are available at every SR-center .

The photon phase-space density can now be projected to the experiment in

the distance z from the tangent point by

•

and integrated over the remajning variables y, y1 in the limits of the

entrance-slit System of the experiment to yield the photon flux into the

experiment. This caclulation was done for a rectangular entrance slit of

0.5 um height and 2 nm width at a distance of 34 m from the tangent point

of DORIS (beam Fl). A number of values for the vertical beam size 2y
'o

were used, äs yQ is not well known at the interesting high values of stored

current (50 to 100 mA) in DORIS5. The calculation was done for the two

Polarisation components and the resulting degrees of linear Polarisation

p " t̂ -I_) / Ux+I) as Eunctions of the photon energy shown in Fig. 2

äs dotted lines.
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The total photon fluxes I +1 behind a small slit and the vertically pol*-
* y

rised components are shown in Fig. 3. The significant influence of the ver-

tical beamsize 2y also on the total-flux-spectra is OOVIOUB. In order to

get a measure of y , the following experiment was designed.

Measurement of the degree of linear polarlsation

Using a circular aperture of 0.5 mn in diameter, a scattering experiment

was done on a mixture of gaseous N and Xe. The sample was contained in

a sample chamber which is sketched in Fig. 4. The scattered and fluores-

cent (Xe K- and L-lines) Ji-rays were measured with a rotatable Ge-detector

over the energy ränge of 2 to 40 keV in horizontal and vertical direction

with 30 mrad fwhm collimation. The sample chamber was carefully aligned

parallel to the beam and into the center of gravity of the original X-ray

beam by He-ionisatiou chambers designed for this purpose.

Possible geometric effects that might degrade the intensity ratio between

vertical and horizontal observation can be cancelled out by evaluating the

(unpolarized) fluorescence radiation of the Xe-K lines and calculating

S F

exp - D / (̂ T* O
x y

where S are the scattering count-rates and F the fluorescence count-rates

in the vertical and horizontal spectrum (y and x respectively). In our

data sets, however, F and F only differ by less than one percent after
x y

live-time and beamcurrent correction, which indicat.es good alignment. Two

original spectra are shown in Fig. 5. The smoothed resulting P (E) is

shown as solid line in Fig. 2. The accuracy of P is estimated to be

better than + IZ in the energy ränge shown. It indicates a value of 2y

- 1,5 nm * 0.1 mm.

Test of the calculated semi-empirical flux and polarisation spectra by

with a scattering experiment

2
A scattering experiment on a 0.95 mg/cm Kapton foil with scattering angle

90 in the orbit plane was performed in He-atmosphere in the X-ray



f luoresreiice set-up for trace analysis experiments . The beam passes

through a Be window tif 0.4 imn t h i cknes s , a 0.026 mm AI window, and

0.9 m of He.-atmosphere onto the sample at 45 angle of incidence.

Ihe conf igura t ion is siiown in Fig. 6. The scattered r ad ia t ion was

monitored wich a 5.0 mm üiick Si (I,i) de tecLor . The c i rcular pr imary

aper ture ])Ositioned in a d is tancc of JäO rani f r um tlie. sample has U . 2 mm

diameter and tlie detector aper ture 4 .0 mm in a dis tam.e öl" 35 MH f r o m

the sample. The detector winduw consisted of Q.Q'il mm Kapton p lu s f> mm

air and 0.05 mm Be.

Again the assembly was au jus t ed parallel to and irHu Lim c e n L e r of the

beam using the monitors shown in F ig . 6. LJs ing the däta shown in Figs.

2 and !) nne can now calculate tbe expected s u a L L e r e d Lount-rate per

100 mA storcd uurrent.

The total scattered intensi iy I (E, 90 } in x-d i rec t ion ( C - 90 ) vu-,

calculated in nonrelat ivist ic approxima t iou (photon euer g i t s E <••-;

äs:

2 lüü

I(E, 90 ) - I (E)
Z = l

where l is the incoming intei is i ty , r is ehe c laas i i ' . a l ^ lectron rad ius ,
y °

r Lhe distance £rom sample to d e i e L L o r . F is the a tomic l o r m l.-n-mr and

S the inolascic sca t te r ing factor boLh Laken f rom R e f . 7, a the areal

mass density and A tlie atomic raass numbcr of scat ter ing atotn spc-cic

with atomic number Z. I. is Lusciimidt 's number. The sum (2) was evaluated

£or C, N and 0.

After putt in; ; in aperture areas, absorpt iou correetlon for the dctector

Windows, effici ency correction for the detecLur and energy calibration,

Llie count-rate per channel at 100 mA and OX dead Linie waa ca lcula ted .

Selfabsorption in the sample, Lhe hydrogen-componcnL ot the Kap tun ,

scattering duc to the in-plane cumpouent l of the incoming beam and tlui

Compton wavelength s h i f t were neglected äs small correct ions .The s t ructure

factor uf Kapton was ignorcd äs it is not readi ly available, a l though

its e f f e c t on the scattering counL-rate reaches 10% (see F ig . 7).

OuL of sirailar reascins ehe f luoresc.ence of impuri ty traces in L ho fuil

and the de Lei: Lo r background were ignored in tlic calculat ion.

Ca lcu l a t i on and measurement agrce ext remely wei l w i t h i n the mentioned

r e s t r i c L i n n s äs is shown in Fig. 7. The largest SOUTCÜS of errar are

the e f f e c t i v c s i ^ e of the p r imary a p e r t u r e , and size and dis tance of the

secondary aper tu re . The to Lal experimeutal error is est imated to be

sinal ler tlian 2 5 % .

Discussion

The v e r t i c a l shape, size and divergente of the eltctron beam, which are

es sei; L i a L for photon f lux and polarisation of synchroLrnri X-radiat ion

behind smal] ver t ical s l i t f i , are not well known in the rrgion of maximum

stored current due tn i n s t a b i 11ties. Al t l iough optical imaging of the DORIS
o

scurce indicate a rather complicaLed double-strucLure in the vertical

d imens ion , the use of simple Gauss i ans for the spati al and angular electron

d i s U r i h u L i u n s together w i th the concept of d e f i n i n g an e f f e c t i v e ve rL ica l

beam diaineter by a P o l a r i s a t i o n measurement , yields re l iable calculated

spectra of f l u x densi ty and linear polar i sa ion , The accuraty of these data

was tested by absolute measurements of the scattered in tens i ty off a Kapton

f o i l . The re^ults agree very well over the whole energy ränge within an

est imated max imum error of 23%, which is main ly due to uncertainties in

the geometry fac tors and may be f u r t h e r impruved .

This result enables abso lu te mass de tcrminat ion from X-ray iInorc.scenee and

s i a t t e r i n ; ' , spectra w i t h Synchrotron radiat ion. The dependence of tlie vert ical bean

c l i amc t t - r on the beam c u r r e n t and i t s t r ans i t ion to the wel l -known value

in the "Iou current" l i m ! t is subject of f ü r L i i e r investigation.

Acknovledgment

The support of Dr. A .Knoche l is g r n t e f u l l y acknovledged. Thanks fo r helpfui

ui .Hc:uss ions are due to Ur . K. Z i e t z , Dr. B. Schönfeld and Dr . H. Mesemann.

The t e t h n i c a l support by tlie s t ä f f of the 11ASYI.AB i s a lso acknowledged.

The work was f t n a n ; - e d hy Lhe B u n d e s m i n i s t e r i u m für Forschung und Techno log ie .



References

1. J. Schwinger , Proc. N'a t . Acad. Sei. (USA) 40, 132 (.1954)

2. P, Rabe, G. Tolk iehn and A. Werner, N u c l , T n a l r . and Mcthods J_7j_, 329 ( 1 9 8 U )

3. G .K. Üreen ( 1 9 7 7 ) , BNL Report 50595, Na t iona l Technical Information Service,

Spriogfield, V . A .

4. llere, a program of W. Graef f was used .

5. H. K'esemann, p r i v a t e cummunicat ion.

6. A dcta i led descript ic:n u f E h i K experiment w i l l he subinitted to

Microctiim. Acta.

7. J .H. Hubbel, W , M , Ke ige lc , E . A , Briggs, R.T. Brown, D.T . Cromnr and

R.J. Howerton, J. Phys. Chem. Ref. Data A_, 471 (1975 )

8. R. Zietz, unpublished results.

Figurc Capticms

Fij? . l : Coortiinate System l o r Lim dn^c r ipL ion of L h u D O R I S source .

CalculaLtd (i:ircles) degree of linear p o l a r : s ä t i u n oi DOR1S-F1-

X-r;iy hi!;ar. vi Lh 1.5 mm ve rn ic ; i l ape r t u r e ce i iL t rud in the o rb i t

plane for d i f f e r e n t d ia in^ ic rs 2v or r h e electron beam versus
• o

photon energy. The ca lcu la t ion was done for the e leLtroßbeam

jiaraweLer.s E = 3.3 GeV, <j. = C . O S and a ^ 8 . Ü m.

Füll l i ric : rtsul t ui measureii ient (see section 3).

Cal cui ;iLt;d t o L n l l l u x sper.Lr;] in p h u L o n s / e V / ^ (upp<;r ciirves)

and v e r t i c a i l y p o l a r i z c d coir.ponent (louer curvcs) through

a 0.5 mm h igh and 2 mm wide slit centercd in the orbi t p l ane

of DORIS al_ heaui Fl in 34 in di.-itance f rcm the tangent point

for d i f f e r en t electron beam diameters. 2y . üLiier paraseters

äs i:i F ig . 2.

Sample chatnber of Polarisation measurem^nt (drawing not to sca le ) ,

Original spectra of M ? /Xe mixture normalized to stored electron

current and livetine in x- and v-direction.

Fig. 6: Schematic v i ew uf the XRT-ünp^r imeuL.

Fig. 7: Calculatod (circlos) and cxperimental (solid l ine) scat tcre«

intcnsi ty from a Kapton polyitnid f i lm in beara Fl .
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