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Optical Design of an X-ray Absorption Spectroscopy Beamline
at Indus-2 Synchrotron Radiation Source

By

N.C. Das, S.N. Jha andA.P. Roy

Spectroscopy Division,
Bhabha Atomic Research Centre,

Mumbai-4000 085

Abstract

Details of optical design of EXAFS beamline at Indus-2 SRS, under
development at CAT, Indore; have been discussed in this report. This
beamline will cover the photon energy range of 5 keV to 20 keV and will use
a bent crystal of Si(ll l) having 2d value equal to 6.2709 A. It will accept a
horizontal divergence of 1.5 rnrad. The heart of the beamline is the bent
crystal polychromator which will disperse and focus the synchrotron beam at
the experimental sample position. The transmitted radiation from the sample
will be, subsequently, detected by a position sensitive detector (CCD type).
The detector length is 25 mm. Assuming a suitable value for the distance
between the source and the crystal, we have computed several geometrical
parameters of the beamline, such as, Bragg angle, Crystal length, crystal
radius, crystal to sample distance, sample to detector distance, etc. for three
different photon energies, namely, 5 keV, 10 keV, and 20 keV. The band
passes around these photon energies are 0.3 keV, 1 keV and 2 keV
respectively. It has been found that computed geometrical parameters are well
within acceptable limits. An extensive ray tracing work was done using the
software program SHADOW to evaluate the imaging properties of the
beamline. It was established that the image spot size at the sample position
improved substantially when the crystal is changed from spherical cylinder
shape to elliptic cylinder shape. From the ray intensity plots, the average
resolution of the crystal bender was estimated to be 1 eV per channel. Finally
based on the optical layout of the beamline, a schematic mechanical layout of
the beamline has been prepared.



Optical Design of an X-ray Absorption Spectroscopy Beamline
at Indus-2 Synchrotron Radiation Source
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1. Introduction:

Extended x-ray absorption fine structure (EXFAS) analysis was one of

the first new techniques to flourish with the advent of synchrotron

radiation [1]. The chemically specific structure of a large variety of samples

can be investigated using EXAFS (also acronymed as XAFS) spectroscopy.

The interatomic distances, the coordination number and the static and thermal

disorder of next nearest neighbour shells are calculated from the background-

subtracted fine structure above the absorption edge. XAFS comprises of X-ray

Absorption Near Edge Structure (XANES) and Extended X-ray Absorption

Fine Structure (EXAFS). XANES is a symmetry selective technique to probe

the unoccupied electronic states while the later is an element specific tool to

investigate the local structure in a condensed matter. The physical processes

giving rise to the absorption edges and the fine structure are dipole-allowed

transitions of core electrons to unoccupied states above the Fermi level and

the interference of outgoing and backscattered photoelectron waves. X-ray



magnetic circular dichroism (XMCD ) is another specific x-ray absorption

spectroscopic tool, which has become popular in recent times because of the

polarisation properties of SR sources. In this technique, the difference in

absorption of the left and right circularly polarised x-rays is measured at the

absorption edge of an element. It is a powerful tool for the study of the local

magnetic properties in magnetic systems. In a typical EXAFS experiment, the

EXAFS features are hardly 5 to 10% of the main absorption in relative

magnitude. Therefore, the information obtained on materials with this

technique using laboratory sources is either unreliable or incomplete. In the

case of dilute or small quantity of samples, one can't get any information at

all. Thus, SR source having high spectral intensity becomes a must for such

technique to improve the signal to noise ratio while obtaining reliable data.

We are looking forward to entering these areas of SR based x-ray absorption

spectroscopy. In order to obtain precise information from the EXAFS

experiment, an exact energy calibration, a large spectral range and a fine

spectral resolution are essential prerequisites.

The spectral instrument function of the absorption spectrometer should

be symmetric and the resolution should be superior to the spectral resolution

determined by the lifetime broadening of the core hole. For example intrinsic

broadening amounts to about 6 eV at the Pd K-edge of 24. 35 keV photon

energy. Most EXAFS data are recorded with point by point energy scans. The

development of energy dispersive EXAFS instrumentation, [2] allows a full

EXAFS pattern to be measured simultaneously. This method of recording is

particularly advantageous for studies in short times and/or for small size of

samples.



Keeping in mind the above-mentioned advantages, we have decided to

design and develop an energy dispersive EXAFS beamline at Indus-2

synchrotron radiation source [3]. With this beamline it will be possible to

perform experiments which require restrictictive environmental cells and

repeated short exposures to monitor real time processes, such as, chemical

reaction kinetics [4,5] high pressure EXAFS studies etc. Many scientific

groups in' the country have shown, interest in such facility. Notable among

them are BARC, IIT, Mumbai, CAT, IUC, Indore, Goa University, I.I.SC

Bangalore, Nagpur Univ., Pune Univ. etc. The details of the optical design of

an energy dispersive EXFAS beamline are presented in this chapter. This

beamline will cover the energy range of 5 keV to 20 keV with an average

energy bandpass of 750 eV and energy resolution of 2 eV.

2. The Source:

Indus-2 is a third generation storage ring, which will be normally,

operated at 2 GeV. It will have the capability of operation upto 2.5 GeV [6]

also by properly tuning the magnetic field of the bending magnet. The

magnetic lattice of Indus-2 is of the Expanded Chasmen Green type and has a

8-fold symmetry. Each unit cell consist of two 22.5° bending magnets and

from each bending magnet the radiation can be taped from two ports- the 5°

and the 10° ports.

Many authors [7,8] give the basic equations describing synchrotron

radiation characteristics. The computation of certain important parameters of

Indus-2 synchrotron source has been carried out using the following

equations.



(a) Bending magnet radius:= 3 3 3 fc
(b) Critical wavelength:

(c) Relativistic factor:
y = 1957.0EGeV (3)

(d) Vertical emission angle:

Vm(mrad)=(3.08/y)(X/Xc)
038 (4)

From equation (4) it is clear that the vertical divergence angle of the radiation
emitted by the electrons is energy- dependent.

3. Beamline description:

Fig. 1 shows the schematics of the x-ray optics of the energy dispersive

EXAFS beamline with a bent crystal (CC), and a plane mirror (M). The bent

crystal acts as a polychromatic focusing as well as dispersing element. The

plane mirror is used for cutting off the higher harmonics of the x-rays

reflected by the bent crystal. The top view of the beamline shows that the rays

originating from the source point So (tangent point of the bending magnet) and

lying in the horizontal plane are passing through the shielding wall W and a

primary slit Si. The rays coming out of this slit passes through a beryllium

window B and are diffracted horizontally by the perfect bent-crystal CC and



get sharply focussed at the sample position S3. The focussed polychromatic

beam having finite bandwidth diverges further and is incident on the plane

mirror M. This incident beam gets specularly reflected and finally detected by

a CCD type position sensitive detector (D). The side view of the beamline

shows that, the rays originating from the source point So are lying in the

vertical plane and are not being focussed at the sample position S3, since the

surface of the bent crystal is in the form of cylindrical shape. Therefore the

vertical divergence of the beam originating from the source point So remains

unaltered after diffraction by the crystal. By proper mechanical means, the

shape of the crystal will be adjusted into spherical or elliptical cylinders. Also

by changing the torque applied on the crystal, both radius of curvature and

elliptical parameters of the bent crystal will be changed. By changing the

shape of the crystal and the Bragg angle of the central ray incident on the

crystal, whole EXAFS spectrum will be recorded at any energy between 5keV

to 20 keV. Though a number of dispersive methods have been employed using

laboratory x-ray sources, they can not be adapted to a SR source since the

large separation between the source and the spectrometer will translate into

large dimensions for the crystal and the detector.

4. Optical Components:

The optical components of a beamline include devices which reflect,

focus, collimate, and filter UV and x-ray radiation. In this section the different

optical components of the EXAFS beamline have been briefly described,

referring Fig. 1.



Side view

Fig. 1. Optical layout and geometrical parameters of the EXAFS beamline



4.1 Primary Slit:

The primary slit Si, is used to limit the size of the beam and to exclude

the scattered radiation. If the full divergence of the radiation originating from

bending magnet source is allowed to strike the crystal, energy-resolution will

be poorer than the intrinsic crystal value. Also, the length of the crystal

required would be impractical to grow which inflates the cost of the crystal.

Therefore, in the absence of the collimating optics a slit is must, which will

however, reduce the intensity. At the same time adding a focussing mirror (in

place of a slit) for x-rays will increase the cost of the beamline. Keeping the

cost in mind we have compromised with the slit. To obtain better collimation,

two or more slits are required . The optimum case would have one slit just

near the source to define a smaller source size, and the second slit operating as

a normal single slit collimation. Since synchrotron radiation source originates

from the tangent point located inside bending magnet it is not possible to

position a slit very near to the source. Therefore we have included only one

slit Si which is located at large distance from the source point.

4.2 Beryllium Window:

A beryllium window B is placed in between the primary slit Sj and the

crystal, which will filter out low energy parts of the continuum. It also devides

the beamline into two sections and isolates the experimental station from

preoptics region of the beamline. The spectral transmission curves of x-rays

passing through Be windows having different thickness' are shown in Fig. 2.



All these curves were generated using the well-known software program

"SHADOW"[9-11].
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Fig. 2: Trnasmissin curve for Be window.

From these curves, it is evident that for the desired energy range of 5 keV to

20 keV, 200 p.m thick Be window would be very much suitable for getting

good transmission.

4.3 Crystal:

The operation of the crystal monochromator for hard x-rays is based on

Bragg's law, which describes the diffraction of electromagnetic radiation, by a

crystal. Bragg's law is given by

8



2dSin6 = nl (5)

where d is the spacing of lattice planes in the crystal, n is the order of the

diffraction, and 0 is angle between the reflecting crystal plane and the incident

x-rays.

From equation (5) it is evident that A, must be smaller than 2d for

oblique incidence and reflection. However, if X is very small with respect to

2d, the diffraction angle 0 becomes too close to zero which is very much

unsuitable for practical experiments. Thus the crystal must be properly

selected so that the magnitude of 2d is not very much different from that of

the wavelength of interest. For each crystal, there are many families of

different d's based on the type of reflecting planes. The crystal most

commonly used for recording EXAFS spectra in synchrotron radiation based

beamline are silicon and germanium for which most reflecting planes are

(220) and (111). The reasons for using these crystals are that they are perfect

crystals and their Darwin width [12] is quite narrow so that the advantage of

the intrinsic collimation of SRS is utilised. Darwin width of the crystal is the

intrinsic width of the Bragg reflection and is the minimum angular

acceptance of the crystal. Experimentally, it is obtained by rocking the crystal

around the Bragg angle. The width of this rocking curve depends on the

quality of the crystal. For perfect crystal, the width of the rocking curve will

be very much narrow. Other considerations for selecting a particular crystal,

apart from those discussed above, are as follows:

(a) small thermal expansion coefficient



(b) large thermal conductivity

(c) crystal composition should be of low Z elements to avoid interference of

secondary emission when irradiated.

(d) Easy availability of the crystal having desired size.

The combined effects of (a) and (b) are important in considering heat load

effect on the crystal performance. Silicon crystal has lower thermal expansion

coefficient and larger thermal conductivity It is a low Z element and hence it

will not show interference in the region of 5 keV-20 keV. Also, it has low

absorption coefficient of x-rays in the desired spectral region. Using the

software program SHADOW [9-11], the rocking curve of the plane Si(l 11)-

crystal was generated. Fig. 3 shows the plot of crystal reflectivity Vs A0B,

where A6B is the difference between the actual incidence angle and the Bragg

angle 0 for lOkeV photon energy. From this figure it is evident that peak

reflectivity of Si does not occur at the Bragg angle. This happens due to the

refraction of x-rays in the medium. The asymmetry near the peak of the curve

is due to very small absorption in silicon crystal. It is also to be noticed that

the width of the rocking curve is very narrow. So the crystal will diffract x-

rays with good resolution. Based on all the above considerations, we have

finally selected Si (111) crystal as the Bragg reflector.

10
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Fig. 3. Rocking curve of Si(111) crystal

4.4 Secondary slit:

The purpose of using the secondary slit S2 in the present beamline is

two folds. Firstly, it will shield scattered radiation to reach the sample and

secondly it will also be used for scanning the circularly polarised light by

moving it above or below the horizontal plane. This is required for

polarisation dependent x-ray absorption studies ( XMCD).

11



4.5 Mirror:

As shown in Fig. 1, a plane mirror M is introduced between the sample

position S3 and the detector D to cutoff the higher harmonics from the

radiation diffracted by the Si crystal.

At x-ray energies the refractive index of any material is slightly less

than unity and at small angle of incidence (with respect to mirror surface),

refraction is reduced in favour of total external reflection. This occurs at a

critical angle, which in practical unit is given by [13]

O f t *—~

6t ~ —^/p mrad (5.6)

where,

E = photon energy in keV

p = physical density of the reflecting material in gm cm"3.

Below 0C the refracted wave is evanescent in the surface of the material,

penetrating only a few tens of angstroms for keV x-rays. Above 0C , the

reflectivity approaches zero and the penetration depth approaches fJsind,

where fi is the absorption coefficient. For heavy metals like Pt, Rh, Au, Gc is

around 9 mrad at 10 keV and it is increasing to 180 mrad at 500eV.

Reflectivity curves for Rh, Pt & Au in the photon energy range of 5keV to 20

keV are shown in Fig. 4. All these theoretical curves were generated using the

software program "SHADOW"[9-11]. From Fig. 4 it is clear that Rh offers

better reflectivity compared to other metals in the energy range of 5 to 19

keV. Pt and Au show sharp decrease in the reflectivity in the region of 11 to

12



14 keV, due to the presence of L-edges in this region. Since Rh L absorption

edges (3 tO 3.5 keV) do not fall in the energy range of 5keV to 20 keV no

structure is seen in the reflectivity curve of this metal [14]. Because of this

reason Rh coated plane mirror has been selected for harmonic rejection in the

present beamline.
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Fig. 4. X-ray reflectivity for Pt, Rh and Au surfaces.

5. Geometrical parameters:
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Referring to Fig. 1, the geometrical parameters of the beamline have

been defined as follows.

t= distance between the source point So and the outer edge of the shielding

wall W.

do = distance between the shielding wall W and the primary slit S j .

^0= distance between the primary slit Si and the beryllium window B.

di = distance between the beryllium window B and the pole of the bent

crystal CC.

p = distance between source point So and pole of the bent crystal CC.

q = distance between the pole of the bent-crystal and the focus point S3.

d3 = distance between focus point S3 and the detector D.

62 - distance between pole of the bent crystal and secondary slit S2.

d4 = distance between the pole of the crystal and the detector D.

£3 = distance between secondary slit S2 and focus point S3.

£A = distance between focus point S3 and centre of the plane-mirror M.

5̂ = distance between the centre of the plane mirror M and detector D.

t - length of the crystal illuminated by the x-rays,

w = width of the crystal illuminated by the x-rays in the vertical plane.

L = length of the detector D.

R = radius of curvature of the bent crystal when it is shaped as a spherical

cylinder.

do = Bragg angle of the x-ray incident at the pole of the bent crystal which is

the angle between the central ray and the surface of the crystal.

Um= Horizontal divergence angle of the incident x-ray beam emerging from

the source So and incident at the surface of the bent crystal.

14



Û , = horizontal divergence angle of the reflected beam from the bent crystal.

Vm = vertical divergence angle of the incident x-ray beam on the bent crystal.

6. Computation of geometrical parameters:

Following Lee etal. [15] the relationship between the source distance p

and the image distance q as measured from the pole of the crystal is given by

SinQ0

Energy bandpass diffracted by the crystal length £ is given by

(8)

where,

Eo = photon energy incident at the pole of the crystal

Oo = Bragg angle for the central ray incident at the pole of the crystal

The central Bragg angle and the photon energy for the first order diffraction

are related by

(9)
E0(keV)x2d 2d

where d = interplanar spacing of (111) planes of Si crystal.

From purely geometrical considerations, we have derived geometrical

parameters of the beamline as described below:

15
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Using equations (2) to (4) the vertical divergence angle of the incident beam

at various photon energies has been computed. Also, various geometrical

parameters of the beamline as defined in section 5 have been computed by

using equations (7) to (14). For computational purpose, the initial

geometrical parameters of the beamline have been fixed, after due

considerations of various constraints like length of the front end, shielding

16



wall position, energy range etc. These fixed parameters are listed in Table 1.

Table 1. EXAFS beamline fixed parameters:

1. Photon energy range

2. Crystal type

3. 2d value

4. Detector length (L)

5. Horizontal beam divergence(Um)

6. Source to shielding concrete wall aperture

distance (t)

7. Shielding wall aperture to slit distance (d0)

8. Slit to Be window distance (/<>)

9. Be window to crystal distance (dj)

10. Source to crystal distance (p)

5keVto20keV
Si (111)

6.2709 A

25 mm

1.5 mrad

14000 mm

1000 mm

3000 mm

2000 mm

20, 000 mm

It may be seen from equations (7) and (8) that it is necessary to choose AE for

calculating the values of R and q. For this purpose we selected AE =1000eV.

But this selection yielded a value of R, which is not practically possible to

achieve. For example, to achieve 1 keV energy band at 5 keV, with Si(lll)

crystal , required value of R comes to be approximately 877 mm. From

mechanical point of view it was decided that limiting value of R should not be

less than 2000 mm. So after fixing R at 2000 mm at Eo of 5000 eV, the

computed value of AE was found to be 300 eV. The reasonable values for the

bandwidth AE at the other extreme photon energy 20, 000 eV and the

intermediate photon energy 10, 000 eV were assumed to be 2000 eV and

17



lOOOeV respectively. Using these three bandpasses and the photon energies a

best fitted curve was generated. The bandpasses selected from this curve at

various photon energies were used for computing various geometrical

parameters of the beamline. Results of these computation are shown in Fig.

5.(a) to Fig. 5.(m)!

Fig. 5.(a), shows the variation of the Bragg angle 0O with various

photon energy Eo for Si(l 11) crystal. It may be seen that as the photon energy

increases the Bragg angle decreases. Fig. 5. (b) shows the plot of energy

bandpass against the photon energy Eo. This curve was generated by fitting

the prespecified energy band pass at three photon energies namely 5000 eV,

10, 000 eV and 20,000 eV as discussed earlier. Fig. 5. (c) shows the variation

of diffracted beam divergence (U^) with photon energy Eo. It may be seen that

Uro increases at the lower photon energies, attains maximum around 6 keV

and then decreases at higher photon energies. Fig. 5. (d) shows the plot of the

incident beam divergence angle Vm with photon energy Eo. It is to be noted

that the high energy photons are confined within very small vertical

divergence angle, which is the well known characteristic of synchrotron

radiation source

18
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Fig. 5.(e) to 5.(i) shows the plot of various geometrical parameters namely (i)

focus distance q from the crystal, (ii)focus to detector distance d3, (iii)

detector distance d4 from the pole of the bent crystal, (iv) slit distance d2 from

the pole of the bent crystal, and (v) slit to focus distance 13 respectively against

photon energy Eo. It is evident from all these curves that the distances first

decrease at lower photon energies, attains minima and finally increase with

photon energy.

Fig. 5.(j) shows the plot of the illuminated length 1 of the bent crystal

against the photon energy Eo. It is evident from this curve that larger crystal

length is required for recording the long range of photon energy by the bent

crystal polychromator. Fig. 5.(k) shows the variation of the crystal width w

with photon energy Eo. From this curve it is evident that the required crystal

width decreases with increasing photon energy. This is due to the fact that the

vertical divergence angle of the incident beams is smaller for higher photon

energies which is evident from Fig. 5.(d). Finally, Fig. 5.( £) shows the plot

of the crystal radius R as plotted against photon energy Eo when the bent

crystal is in the form of a spherical cylinder. From this curve it is to be

understood that for higher photon energies bent crystal will have very shallow

curvature.

20
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For ready reference all the variable parameters of the beamline are listed in

Table 2 for three photon energies, lying at the two extreme ends and at the

intermediate position of the desired energy spectrum.

Table 2 Variable parameters of the EXAFS beamline:
1.

2.

3.

4.

5.

6.

7.

8.

9.

Photon energy (Eo)

Band ass (AE)

Bragg angle (90)

Crystal CC length (/)

Crystal CC width (w)

Crystal CC radius (R)

Horizontal diffracted divergence (U'm)

Vertical divergence (Vm)

Crystal CC to sample distance (q)

10. Sample to detector Dj distance (d3)

11. Crystal CC to detector distance (d4)

12. Crystal CC to slit S2 distance (d2)

5000 eV

297eV

23.28°

75.9 mm

13.7 mm

2803 mm

52.63 mrad

0.69 mrad

570 mm

475 mm

1045 mm

285 mm

10000 eV

1123eV

11.40°

151.8 mm

10.5 mm

6287 mm

46.78 mrad

0.53 mrad

641 mm

534 mm

1175 mm

321 mm

.20000 eV

2000 eV

5.67°

303.5 mm

8.1 mm

26550 mm

21.36 mrad

0.40 mrad

1404 mm

1170 mm

2574 mm

702 mm

7. Image evaluation:

In order to evaluate the imaging properties of the beamline, extensive

ray tracing work was performed using the source and the geometrical

parameters of the beamlines. Several computer codes are available for the ray

tracing work of SRS beamlines. Among these computer codes, the software

program SHADOW [9-11] is widely used for ray tracing work of various

types of beamlines consisting of reflection, diffraction, transmission, crystal

optics, etc. While using SHADOW, the synchrotron radiation source

originating from the bending magnet or the insertion devices is first simulated

23



for different photon energies. A large number of ray vectors are then

generated from the source. These ray vectors undergo various types of

transformations when incident on the optical elements. Coordinates of the

intersection points of the transformed rays on any plane lying before or after

the optical element are plotted to generate the spot diagram. This operation is

repeated for all the optical elements in the beamline and the spot diagram at

the final image position is plotted to show the imaging characteristics of the

beamline.

Ray tracing work of the beamline was done assuming that the bent

crystal is in the form of two types of surfaces, namely spherical and elliptical

cylinders. Indus-2 SRS parameters at 2.5 GeV was used to simulate the source

inside the bending magnet. For this purpose, electron beam size at the source

and the bending magnet radius (private communication, CAT, Indore) were

assumed to be 0.221 mm x 0.163 mm and 5.553 m respectively. In order to

trace rays in a beamline containing crystal optics, SHADOW needed some

preliminary data. These data were generated by the subprogram BRAGG,

located inside the software program SHADOW. In order to generate required

crystal parameters using BRAGG, following initial parameters were

used [11].

Crystal structure Zinc Blende structure

Lattice constant 5.43 A

hkl of Si crystal 1,1,1
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The nondispersive portion of the real part of atomic scattering factor (f0) at

different sinG/A, were taken as follows [11] .

sin0/A, fo

0.1 12.16

0.2 9.67

0.3 8.22

The crystal was considered as a mirror-like system, but with reduced band

pass. This means that when a ray arrives at the crystal surface, it is reflected

efficiently, only if each wavelength fulfils the Bragg condition. Since various

rays arriving at the crystal surface make different angles at different point of

the surface, there is a spread of A0 in Bragg angles seen by the illuminated

crystal of length I. This spread in Bragg angle A0 [16] is given by

05)

Due to this spread in Bragg angle, the crystal diffracts only a limited band of

polychromatic x-rays from the continuum of the synchrotron radiation source.

The beam emanating from the crystal, therefore, has a correlation between

angle and photon energy which is then transferred to position and energy

correlation.
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7.1 Spot diagram:

While simulating the source for various photon energies, five thousand

rays were assumed to originate from the source. Fig. 6 shows the ray spot

distribution on a vertical plane located at the source corresponding to the

photon energy of 5 keV. In this spot diagram, both the vertical and the

horizontal axes are expressed in mm scale. We have also simulated the source

for 10 keV and 20 keV photon energies. The spot diagrams at the source

corresponding to 10 and 20 keV are similar to that shown in Fig. 6. However

the vertical divergence of the rays originating from the source are different for

the above mentioned three photon energies.

In order to plot the spot diagram, on various vertical planes located at

the slits, Be window, bent crystal, sample and the detector, we have

considered the shape of the bent crystal to be spherical cylinder. Following the

optical layout shown in figure 1 and using the geometrical parameters of the

beamline, described in Table 1 and Table 2, ray tracing work was completed

for three photon energies, namely 5keV, lOkeV and 20 keV. Figs. 7 to 12

shows the spot diagram at various vertical planes on the beamline. In all these

spot diagrams, the horizontal and the vertical axes are expressed in mm scale.

Also the histograms in the top and the right-hand side of each spot diagram

indicate the ray intensity profile. In each figure three spot diagrams

correspond to 5 keV, 10 keV and 20 keV photon energies. Referring to Fig. 1

spot diagram represented by figures 7 and 8 represent the light spot

distribution on two vertical planes located at the primary slit Si and the Be

window B respectively. The lengths of the spot diagrams in the vertical and

horizontal directions corresponding to Fig. 8 are larger than those shown in
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Fig. 6. Spot diagram at the source position So.
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Fig. 7. This is due to the fact that both the vertical and the horizontal beams

are divergent and the positions of the Be window is located at longer distance

from the primary slit Si. Fig. 9 shows the light spot distribution on the

reflecting surface of the crystal CC. It may be seen from figures 7 to 9 that the

vertical spread of the spot diagram reduces with increasing photon energies.

This is due to the fact that the vertical divergence of the beam reduces with

increasing photon energy as shown in Fig. 5 (d). Referring to Fig. 9, the

horizontal spread of the spot diagram increases with increasing photon

energies. This is due to the fact that the Bragg angle decreases with increasing

photon energy as shown in Fig. 5(a). As the Bragg angle decreases, angle of

reflection on the crystal surface increases, which leads to the increasing

illuminated aperture of the crystal in the horizontal direction. Fig. 10 shows

the spot diagram plotted on a vertical plane, which is located at the secondary

slit position S2. Reduction of the horizontal spread of these spot diagrams

shows that horizontal beam is convergent after being diffracted by the bent

crystal. Figure 11 shows the spot diagrams plotted at the focus position S3.11

may be seen that the rays are not focussed in the vertical direction, since the

configuration of the bent crystal CC is in the form of vertical cylinder. It may

be also seen from Fig. 11 that the focussing properties of the bent crystal

degrade with increasing photon energies. This is due to the fact that as the

photon energy increases the incidence angle as well as the illuminated

aperture of the bent crystal increases by substantial amount, which leads to

increasing aberrations of the system. Fig. 12 shows the spot diagrams at the

detector position D. From these spot diagrams it is evident that the total length

of the detector is of the order of 25 mm, which is equal to the detector length

(L) shown in Table 1. This confirms that the ray racing work of the beamline

has been carried out properly.
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Fig. 13. Parameters of elliptic cylinder shaped crystal.

After performing the ray tracing work of the beam line using the bent

crystal in the shape of spherical cylinder, we have also completed the ray

tracing work based on the assumption that the crystal is in the form of

elliptical cylinder. Fig. 13 shows the various geometrical parameters of the

elliptic cylinder shaped-bent crystal CC with the source and the image

position at So and S3 respectively.

Geometrical parameters of the ellipse have been specified as follows.

p = source to pole distance

q = pole to image distance

a = semi major axis

b = semi minor axis
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c = semi focal length

e = eccentricity
a = angle of incidence
0o = Bragg angle at the pole.

Table 3 shows the various parameters of the ellipse for three photon energies,

namely, 5 keV, 10 keV and 20 keV. Values of q , 0o and a has already been

computed based on the equations described in section 6, whereas other data

shown in Table 3 have been computed automatically by SHADOW.

Table 3
Energy P

mm
q

mm
6n a

mm

10285

10320

10702

b
mm

1335.5

708.1

524

c
mm

10198

10296

10689

e

0.991534

0.997643

0.998806

5 keV 20000 570

10 keV 20000 641

20 keV 20000 1404

11.40° 78.6°

5.67° 84.33°

Fig. 14 shows the spot diagram at the focal positions S3 of the beamline

(Fig. 1). It is evident from the Fig. 11 that the horizontal image blur at 5 keV,

10 keV and 20 keV photon energies are 0.8 mm, 1.2 mm and 1.5 mm

respectively, when the crystal is in the form of spherical cylinder. It may also

be seen from Fig. 14 that the horizontal image blur at 5 keV, 10 keV and 20

keV photon energies are 0.02 mm, 0.04 mm and 0.05 mm respectively.

Therefore for best imagery, the crystal should be bent in the form of elliptic

cylinder by the proper mechanical design of a crystal bender. Since the focal

spot size in the case of elliptic cylinder is of the order of microns it will'be
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ideal for high-pressure EXAFS studies where minimum sample size is

desirable.

7.2 Resolution:

In order to estimate the energy resolution of the beamline (see Fig. 1 ), the

source was simulated at three photon energies very close to each other having

small energy gap and ray tracing was completed by the software program

SHADOW. Data generated from the ray tracing process automatically

computed the ray intensity distribution on a vertical plane located at the

detector D. Figures 5.15 to 5.17 show the intensity profiles at two

neighbouring photon energies separated by 10 eV from central photon

energies of 5 keV, 10 keV and 20 keV. From these intensity plots the spatial

separation (Ax) between the peaks corresponding to the central photon energy

and the neighbouring photon energies have been found as follows:

Eo (keV) AEo (eV) Ax (micrometer)

5 10 882

10 10 221

20 10 117

37



10

5 '-

0

-5

-10

:' ' *
[ I
;. . I , . . , I . . , J l L . , . 1 . •

\ j
1

-i

—

-

5keV

r

-0.2 -0.1 0 0.1 0.2

10

5

0

-5

-10

lOkeV

...l ., J 1.1 ..it

-0.2 -0.1 0 0.1 0.2

-0.2 -0.1 0 0.1 0.2

Fig. 14. Diagram showing the image spot at the focus
positions S3 due to elliptic cylinder shaped crystal.

38



882 micrometer

0.8

0 6

•t
I "

o o

i I 1 I I

-2 -1.8 -1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
V

Position at the detector as measured from its centre (mm)
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Let us suppose that the pixel size of the position sensitive detector is po-

Then the energy resolution is given by

(5.16)

Assuming the pixel size of a commercial type CCD detector is of the

order of 25 micrometer, the energy resolution at 5 keV, 10 keV and 20 keV

photon energies as computed by equation (5.16) and using the above

mentioned data are 0.3 eV/pixel, 1.1 eV/pixel and 2.1 eV/pixel respectively.

Thus the average theoretical resolution throughout the energy range of 5 keV

to 20 keV is of the order of 1 eV. However, the actual resolution would

depend upon the mosaic spread of the crystal, imperfection in the crystal

bending, available detector pixel size, etc. One may, therefore, expect the final

resolution to be of the order of 2 eV.

1. Mechanical layout:

Following the optical layout shown in Fig. 1 and using various geometrical

parameters shown in Tables 1 and 2, a schematic mechanical layout of the

EXAFS beamline has been prepared as shown in Fig. 18. The complete

mechanical layout of the beamline has been divided into three sections. The

first section will be mainly in the form of beampipe located behind the

shielding wall. The second mechanical section consists of primary slit

housing, Be window housing, UHV bellows, UHV cross, gate valves, and

beampime having pumping port and gauge heads. Third section of the

beampipe is the experimental station which houses several mechanical

assemblies as discussed below.
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It may be seen from Table 2 that for recording the spectrum in the

photon energy range of 5 keV to 20 keV, the crystal should be rotated by

about 18°. Also the sample and the detector should be moved by about 850

mm and 1550 mm respectively. Since the crystal is being used in reflection

mode the reflected beam will rotate by an angle of 36° which is twice the

rotation angle of the crystal. Based on this consideration the crystal will be

supported on a goniometer- whereas the sample and the detector will be

supported on the telescopic two-theta arm linked with the goniometer. The

positions of the telescopic arm along with the detector and sample for two

extreme photon energies has been shown in experimental station.
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