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1. INTRODUCTION

This note outlines the performance of a toroidal mirror as the sole
focusing element of a Protein Crystallography (PX) station. ‘The mirror is
incended to be used in two ways. These are, firstly, to focus the white
synchrotron radiation beam (point focused Laue mode) and, secondly, to
focus a beam already moncchromated by a double crystal (point focused
tuneable monochromatic mcde). In the latter case, the advantage of the
toroid is that the focusing and monochromatising functions are separated

allowing the use of a tuneable monochromator for anomalous dispersion.

In Laue mode, a shallow grazing angle is needed to restrict the power
absorbed by the mirror from the wiggyler beam at wavelengths shorter than
the critical wavelength. In monochromatic mode, the mirror will be placed
as the second optical element after the monochromator thus relaxing the

power restriction.

It should be noted that (in the absence of a toroidal mirror), a beanm
from the wiggler of divergence 0.2 mrad x 1 mrad would give a cross section
30 m from the source of 6.4 mm x 32.0 mm compared with a sample of typical-
ly 0.25 mm x 0,25 mm (a mlsmatch of 3277). This is slmilar to the situa-
tion on 9.6 and 9.7 where {in Laue mode on both stations, and with the
channel cut monochromator on 9.6} only a small portion of the beam is

actually used.

Fortunately the small source size of the SRS high brightness lattice
[HBL) means that a large focuslng ratio is not required. This is in direct
contrast to the pre-HBL horizontal source size, which demanded a 10:1
demagnification achieved on 7.2 and 9.6 by a curved assymmetrically cut
crystal monocchromator. Hence, for the first time, because of the SRS HeL,
the use of = 1.1 imaging of the source (in both directions) is feasible for

PX, and allows this role to be filled entirely by the toreoidal mirror.

2. RAYTRAC ING
The raytracing was performed using the package compiled by D. Hubbard

and E. Pantcstl,.
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The condition for minimum aberrdation from a toroid is yiven by: -

1 1 2
G*V“Tqmr

1 + 1 2 sing
T v TR
v
where Rh = horizontal curvature of mirror {fixed)
Rv = vertical curvature {variable via bending mechanism)
% = grazing angle

u and v are the object and image distances

The vertical acceptance of the mirror is the angle subtended by the

projection of the mirror's tilt minus the vertical size of the source.

The horizontal acceptance of the mirror is limited by the sagittal

curvature.

A complication of the wiggler is that two sources of radiation are
visible from 9.% {(and 9.6, %.7): one from the main bump of the elecktron
beam, and the other from the deflection bhump which restores the electron
beam to its original orbit. These sources would, for the HBL, be well
resolved. In PX this 1s not a worry since the Eocused beam is finely
collimated before striking the sample., 1In the raytracing study, we con-
sider only the focusing effect of the toroid on the main wiggler source

(hc = 0.9 A) onto the protein crystal sample.

3. MIRROR PERFORMANCE AND RESULTS OF THE TRACING RUNS
N typical trace is ygiven in fig, 1. Traces were performed for a

grazing angle of 3 mrad.

In order to get a picture of the relative efficiency of the various

mirror settings, a figure of merit P is quoted with each result, where:

F = Fraction of successful rays x effective collection area

+ beam focus area. {See for example, ref. 3.)
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The fraction of successful rays is produced by the program output, as
are the beam sizes (fig. 3). The figure for successful rays is produced by
counting the number of source rays which miss the mirror or do not come to
a focus. The former rays should be eliminated by careful cholce of beam
divergences, but this condition is oniy approximately met in the results
due to rounding errors in the ray tracing program. To check the diver-—
gences wsed, the source was traced for a simple plane mirror, where no

failed rays due to surface curvature are expected.

The effective collection area of a mirror:-

A = X R

eff = P (n)

where A is the projected area of illumination at the source on the mirror.
The R{A)} (the mirror reflectivities) are calcuiated using the expressions

mentioned below.

For an ideal mirror with 8 =3 mrad, w = 18 m, v = 12 m {1.5:1 focus-
ing) and R{A) = 1, Aeff = 61.92 mm? and image area = 0,356 mem 2
(F_deal = 173.9). The 1.5:1 focusing ratio and 18 m object distance were
1

chosen because of avallable space in beam line 9, being the closest poss-

ibie to 1:1.

The F's gquoted in Table 1 are normalised to the ideal values, so that
the performance of an ideal mirror gives F = 1, Also quoted is the gain

(6) over an unfocused beam at the sample.

The reflectivity is calculated assuming a Pt-coated mirror, and is

used at two different wavelengths on either side of the Pt L absorption

2

edges. The reflectivity is given by( ):
_ {8 - a2 + bl
(8 + a)? + p?

R{6, X}

where 2a? = /10 - 26)2 + 4p2) + 82 - 25
2b2 = /18 - 2632 & 4p2] - 82 + 25
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Nz.pezk2

it = =
with g ph/(4n) and & % et
= mass absorption coefficient, N = Avogadro's number
A = wavelength, Z = atomic number
m = classlcai electron mass, A = atomic weight.

The quantity NZp/A 1s an approximation for the number of scattering
electrons per em? - a more rigorous approach {such as that uwsed by Henke

et al., ref. 4) uses the real and imaginary parts of the structure factor.
Since the most useful wavelengths for PX lie close to the Pt absorption
edges (Table 2}, thils approximation for the reflectivity is not good. To
that end measurements of the reflectivity of a Pt-coated mirror used on 9.6
around the absorption edges should be made. These willl be reported in a

later paper.

The aberrations of the mirror dominate the guantity F, since the
focused beam area is typlcally four times that obtained for an ideal 1,5:1
focus., The spot slzes produced are gulte reasonable, howaver. The results
show little improvement in slitting down the vertical divergence, but great
improvement by restricting the horizontal. Motlce in particular the con-
siderable improvement betwen accepting 1,2 mrad and 1.0 mrad-horizontal.
This shows that the most intense portion of the beam is in the centre.

This is further illustrated by the intensity plot in flg. 1 which is simply
the plot of the integrated number of rays 1n 40 equal 'bins' across the
image. The mirror dimensions calculated for use on proposed station 9.5

are given in Table 2.

Toroids only produce their best focus at one position. In order to
determine the effect on the focus of mis-setting the toroid critical angle,
traces at grazing angies 0.5 mrad on either side of the true angle were
performed. The results of these traces show a rapld deterioration of the

image, but even in these conditions there is still a factor of ten gain on

the unfocused beam. The plot for a 3.5 mrad grazing angle is presented in

fig. 2.
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The toroidal mirror is designed to accept one—fifth of the horizontal
apercture of the 9.6 mirror (ref. 5), and operates at the same graziny
angle. The 9.6 mirror has operated in the white wiggler beam for almost
2 years with no observable detericoration in performance. The heat loading

on the toroid is then unlikely to cause any rapid surface detericration.

CONCLUSION
We conclude that, within the constraints of the accuracy of the
raytracing package, a reasonable focus can be achieved from a toroid even
at a grazing angle of 3 mrad whilst accepting 0.1 mrad * 1 mrad of wiggler
beam. The main difficulty in implementing this design will be the
mechanical arrangement used to achieve a controlled bending radius of

curvature of 4,8 km.
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TABLE 1 TABLE 2

COMPARISON OF RAYTRACING RESULTS LIKELY OPERATING PARAMETERS OF MIRROR FOLLOWING FROM
THE HRESULTS SHCOWN IN TABLE 1
L cv‘ qh' H v r F G G
GOOD RAYS v.eA 1.5A 0.8A 1.514
Beam size (HBL magnets} 2 mm horiz. x 0.44 mm vert. (2.3 g}

72.5 Q.08 1.418 0.95 0.73 0.25 0.28 110 118 Mirror length 75 cm
80.0 0.08 1.2 0.97 0.73 0.24 0.27 101 114 Mirror width = 9.0 cm
86.9 0.08 1.0 0.79 0.72 0.27 0.31 115 130 Saggital radius of curvature 4.8 km
66.6 0.103 1.418 1.03 0.75 0.26 0.29 113 127 Meridional radius of curvature 4.3 cm
73.0 0,103 1.2 0.99 0.74 0.25 0.22 112 126 Distance from source 18 m
83.8 0.103 1.0 0.79 0.73 0,32 0.35 137 154 Focal length 12 o

1.5:1, 3.5 mrad Grazing Angle Grazing angle 3 mrad
65.5 0.124 1.0 0.69 2.95 0,08 0.09 40 36 Pt L, = 0.892 A

1.5:1, 2.5 mrad Grazing Angle Pt L, = 0.932 A
92.3 0.082 1.0 1.29 .4 0.04 0.04 18 16 Pt Ly = 1.07 A

Critical angle = 0.0068\ Rad {where X\ is given in A)

g ' = vertical divergence (mrad}

horizontal divergence (mrad)

a
]

H = horizontal fogus size (mm}

¥ = vertical focus size (mm)
{Both the vertical and horizontal focus sizes are for the whole focal spot.

Examination of fig. 1 shows that the main intensity is concentrated at the

centre of the spot, and the FWHM spot size is = 0.22 mm in all cases.}

THOM-BEG /617 7 THOM-86/617 B



FIGURE CAPTIONS

fig, 1 1,5:1 trace, 1 mrad horizontal acceptance, 0.08 mrad vertical.

Fig. 2 1.5:1 trace., The mirror parameter3 were calculated for a 3 mrad

grazing angle, the trace is for a 3.5 mrad angle. Note that the

image has blown up to 3.5 times its previous size.

Fig., 3 Typical program Qutput.
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