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ABSTRACT

The properties of the electrostatic mirror spectrometer, especially its luminosi-

ty at modest resolution, are investigated by means of computer simulation. On

the basis of the results of the simulations a spectrometer is built, which has

figures of merit in very good agreement with the computed results For a circu-

lar source having a radius equal to one tenth of the radius of the inner cylinder

of the spectrometer a resolution (fwhm) of 2.5 percent is reached.



1 INTRODUCTION

In later years conversion electron Mössbauerspectroscopy (CEM) has become

a useful tool in the study of phenomena such us corrosion, surface metallurgy

etc [1-3]. This is of course due to the small penetration depths of low energy

electrons in matter. A related technique, which sometimes could be of an

even greater interest, is depth selective CEM, where not only the occurence

of conversion electrons is detected but also their energies, and thus to some

extent their depth distribution. Depth selective measurements have been per-

formed by some groups [4-8, 14], and what may be classified as semi depth

selective measurements by others [ 9 - 1 2 ] . We have in some papers [5,6,13]

shown that it is possible to extract rather detailed informations concerning the

surface layers in metals by means of depth selective CEM. These early experi-

ments were, however, hampered to some extent by the lack of a proper electron

spectromet' r ind thus it was decided to construct and build an entirely new

electron P .* r jmeter, designed for depth selective CEM measurements.

From ea -i r simulations [13] it was found that such a spectrometer should

have an n r/ y resolution better than say 5 percent, but not necessarily as good

as 1 pert» / It should, of course, have the highest possible luminosity It was

decided \; '.'.. the highest electron energies 01 interest were well below 10 keV.

The m; . interest is focused on the 7.3 keV conversion electrons ejected in the
57deexcit; i on of the 14.4 keV level in Fe.

Two kimfs of electrostatic spectrometers were found to fulfill the above require-

ments - ' ,e spherical grid spectrometer and the cylindrical mirror spectrome-

ter It w.-s as described in Appendix 2, found that a spherical grid spectrome-

ter would have a too high noise level, and thus it was decided to build a cylindri-

cal mil ror spectrometer.

2. THE CYLINDRICAL MIRROR SPECTROMETER

Several authors have in recent years treated the properties of the cylindrical

mirror spectrometer. Its property of "second order focusing", discovered in

1965 by Zashkvara et al. [15], allows large opening apertures without serious

impairment of the resolving power. Extensive discussions concerning the fo-

cusing properties, dispersion, aberration, transmission and luminosity etc.

have been published [ 16 - 19]. These calculations, which all treat the case of



rather small sources, are based on analytical and numerical calculations.

One does almost entirely speak of base resolution, and not of resolution meas-

ured as fwhm-

We have used a different approach. Using the basic (non-relativistic) laws of

motion of electrons in the cylindrical field, line profiles have been calculated

from Monte Carlo simulations on a computer. This technique allows us to cal-

culate not only line profiles, but also transmissions and luminosities for dif-

ferent geometrical data of the spectrometer and the possibly large source.

3 SIMULATION PR OCK DUR K

In the following description of the simulation procedure we refer to figure 1.

In all simulations the widths of the slits s. and s™ were chosen equal, as were

the baffles b. and b 2 . The following parameters were optimized: The distance

along the axis from the source to the center of the entrance slit, the distance

between the entrance and exit slits, the distance from the center of the exit

slit to the exit baffle, the slit widths and the radii of the baffles b and b2<

where the former corresponds to the source. In all cases homogeneous circu-

lar sources and an isotropic electron emission were assumed.

In the computer simulations the inner cylinder of the spectrometer was held at

ground potential, whereas the outer was held at a variable negative potential.

In the program an electron emission is first simulated, i .e. a point of emis-

sion on the source and the direction of the electron are chosen by means of a

random generator. The path of the electron is calculated and it is checked

whether the electron passes i/ the first slit, i i / the second slit and iii/ the

detector baffle. This process is repeated at a given potential at the outer cylin-

der for a sufficiently large number of ejected electrons, whereafter the poten-

tial is changed. To speed up the calculations the same electron paths were

used for a large number of combinations of the parameters to be adjusted.

When using point sources it is possible to calculate the total distance along the

symmetry axis of the spectrometer for monoenergetic electrons as a function

of their take off angle only For different voltage settings of the spectrometer

a number of such curves are achieved Such have been presented for example

by Sar-El [lfi] and Risley [18]. Although they apply strictly only to point

source!*, they are of interest also when finite sources are used A number of



such curves are shown in figure 2. Following those curves from lower spectrom-

eter settings to higher, one first finds a region where for each spectrometer

setting there exist two focal points (f. and iJ) corresponding to the emission

angles Q. and Qo. When the voltage on the outer cylinder in the spectrometer

is gradually decreased, the two focii approach each other and at a given relation

between the radii of the outer and inner cylinders (b and a respectively), the e-

lectron energy in eV (E) and the voltage applied (V). they coincide. This point

of "second order focusing" is reached when ln(b/a) E'V - 1.3098. For a rather

wide opening angle around a - 42.3 the electrons reach the spectrometer axis

at nearly the same point, z = 6.13 a. where a is the radius of the inner cylin-

der. For energy settings below this value no focal points exist, and thus this

region is of no interest.

All calculations presented earlier have treated the properties of the cylindrical

mirror spectrometer in the vicinity of the second order focus. However, if one

is interested in very large opening angles ^ a there are reasons for investi-

gating the area in fig. 2 where two different focal points exist. If we first look

at the "second order curve" A and follow this out to large angles Q , we find

that it fairly soon reaches regions where the derivative dz/da becomes large,

having opposite signs for the two directions from the point S. If, on the other

hand, a curve like the one called B in figure 2 is followed from a point in the

middle, it is found to be limited within a rather narrow region along the z-

axis, even for quite large values of a- Accordingly it is not obvious which is

the optimal length of the spectrometer when designing it for very high luminosi-

ties, nor is it easy to predict the optimal source size and opening angles. As

seen from figure 2 the dispersion D - E (dz/dE) is larger for larger angles Of,

and these angles are favoured from solid angle considerations. On the other

hand dz/da is smaller for smaller a. No thorough investigation of the effects

of very large sources has been published earlier, since interest has been

focused on spectrometers having very good resolutions. For our purpose, how-

ever, it is of the greatest interest if very large sources can be used.

A simulation procedure like the one described above can be used to optimize

the spectrometer for a given figure of merit ( f . o .m) . Such a f.o.m-, since

long used in beta-ray spectroscopy, is the luminosity divided by the resolution

of the spectrometer. Another has been proposed by Sar-EI [20]. However, a

single f.o.m is never sufficient to characterize a spectrometer. A graph

showing the luminosity as a function of the resolution is more useful. We have,

on the basis of our simulations, constructed such a graph for the cylindrical

mirror spectrometer. In doing so we have, for all points on the curve, varied



all spectrometer parameters and the size of the source in order to obtain the

maximal luminosity. For very good resolutions it is evident that the cylindrical

mirror spectrometer should be used in "second order focusing mode" to obtain

the highest luminosity at given resolution. For medium and poor resolutions

this need not be the case.

4. RESULTS FROM THE SIMULATIONS

The main result from the simulations is the graph presented in figure 3, which

shows the maximal luminosity that can be reached as a function of the spectrom-

eter energy resolution (fwhm). Table I gives the corresponding spectrometer

parameters (in units of the radius of the inner cylinder). It is found that, for

resolutions better than about 1 5 ';. a spectrometer designed for second order

focusing is optimal, whereas for lower resolutions higher luminosities can be

reached if the distance between the source and the detector baffle is increased

When calculating the curve in figure 3 which corresponds to a second order

focusing spectrometer, only the slit widths and the source size were optimized,

whereas the mean emission angle and the source to detector baffle distance

\\ ere kept constant

Figure 4 shows how the resolution depends on the source radius and the widths

of the slits in the inner cylinder. The spectrometer design corresponds to an

optimal spectrometer having a resolution of roughly 2.5 T . From

the figure it is seen that the fwhrn, when widening the slits, decreases in most

cases and reaches a minimum at slit widths of about 0.8 times the radius of

the inner cylinder. This shows that, except when very high resolutions are re-

quired, very large opening angles not only can be used, but should be chosen

In figure f> calculated line profiles corresponding to a resolution of 3 T are

shown, both for an optimal and a "second order focusing" design.

5. DESIGNING THE CEM SPECTROMETER

The starting point when designing our CEM electron spectrometer was a re-

quired resolution of 2 - 3 % fwhm. From figure 3 it ia found that for a resolu-

tion of little more than 2 '7, maximal luminosity can be reached when using

a source having a radius of 0.1 times the radius of the inner cylinder. Since,

from the point of view of Mössbauer speetroscopy, it may be inconvenient to
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use sources larger than about 1 cm , thr inner cylinder of the spectrometer

should have a radius of about 5 cm. The choice of radius of the outer cylinder

is a compromise: the use of a large radius results in a large vacuum volume,

whereas if a small radius is used a high voltage has to be applied. It was found

inconvenient to use voltages higher than about 8 kV, and since our spectrom-

eter is intended for electrons having energies up to about 10 keV, the outer

cylinder should have a radius of about three times that of the inner cylinder.

The following values were chosen: inner radius 5 4 cm, outer radius 158 cm.

distance between source and detector baffle 34.0 cm, slit widths 3 4 cm and

distance between the centra of the slits 22.8 cm If source and detector baffle

having 0.5 cm radii are used, the spectrometer should, according to the simu-

lations, have a resolution of 2.3 T. and a transmission of almost 19 T of 2 n.

The above values for the parameters of the spectrometer correspond to those

in table I. and thus they are optimal over a limited resolution range around

2.3 T». They were chosen in favour of those in table I to facilitate the conver-

sion of the spectrometer to second order focusing.

A larger luminosity in the spectrometer can be reached either by opening the

slits, or by using larger sources. The effects are illustrated in figure fi As

seen it is preferable to open the slits. In order to increase the resolving power

one is forced to use a smaller source and a smaller baffle at the detector side,

see figure 6. It is not possible to increase the resolving power by making the

slits narrower for a fixed source radius of 0 5 cm On the contrary, this will

broaden the lines and ultimately lead to a double peak. As seen from figure fi

a fwhm of about 1 '7 can be reached when decreasing the source radius with

fixed slit widths. Due to the aberration in the spectrometer the transmission

is lower when small detector baffles are used, which drastically decreases

the luminosity at good resolutions.

f>. THK CONSTRUCTION OF THK SPHCTROMKTFK

The spectrometer is housed in a cylindrical vacuum tank made of stainless

steel. It has a volume of about 0 4 m , and stan.Is with its axis pointing verti-

cally on a table below which vacuum pumps etc. are housed. Concentrically

inside the tank stand the two cylinders constituting the spectrometer. The

outer cylinder has an inner radius of 0.158 m and is made from sheet stainless

steel, 4 mm thick. It was rolled and sewed, and to improve its circular sym-

metry steel flanges were pressed into it on both ends. The inner cylinder was



turned from an aluminium tube. It has an outer radius of 0.054 m, is 0.6 m

high and stands on a circular bottom plate. In this plate and in the flanges of

the outer cylinder tracks are turned, which together with isolating clutches

centers the inner cylinder in the outer. On top of the inner cylinder another

plate, similar to the one in the bottom, is placed. Below the bottom plate is a

special vacuum chamber, which may be reached from the outside via several

covers. In these covers different electrical feed-throughs are placed, the head

of a mass-spectrometer for vacuum measurements, inlets for gases e t c The

electron detector, a window-less electron multiplier (Johnston MM-1) is placed

inside the inner cylinder in its upper end. It hangs from a smaller cover in thr

center of the upper cover of the vacuum tank. The exterior of the spectrometer

is shown in figure 7 .

The inner cylinder is electrically grounded. It is made in one piece, the slits

being milled symmetrically from its center. In order to reduce the effects of

the electrical fringing field in the ends of the cylinder, both the inner and the

outer cylinders were made about 50 '7 longer than the distance between the

source and the detector baffle The slits, which do not go all the way around

the cylinder but each are oivided in three parts, have fixed widths, and are

covered with stainless steel grid to avoid fringing fields. The grids have a

transparency of about 90 T. and as they are placed at an angle of about 45° rel-

ative to the electron paths, they will together reduce the transmission of the

spectrometer to about 75 T of its original value. Moreover, the stabilizing

pins in the slits will further reduce the transmission, and a final value of

about 6 T of 4 ff is expected.

The source (or Mossbauer scatterer) holder is placed in a third cylinder, which

sits inside the inner cylinder, fixed to the bottom plate. There is a free paes:u•>•

from the source to the vacuum chamber below. By means of a transport system

the source may be moved down to the vacuum chamber, where it can be heated.

oxidized etc- without any exposure to air.

In the center of the upper cover of the vacuum tank is placed n cartridge con-

taining the electron detector with its electrical feed-throughs, the hole baffle

and also the steel tube inside which the moving part of the Mossbauer transducer

is suspended An aluminium container in the lower end of the tube houses thr

Mossbaucr source, which is shielded by lead in all directions but downwards

against the source/scatterer position in the spectrometer. A 0 2 mm thick

delrin window allows the Mossbauer radiation to reach the scatterer with a

negligible absorbtion. The source housing fits closely to the inside of the inner



cylinder of the spectrometer, and the Mössbauer source is thus centered on

the spectrometer axis. The closest distance between the Mössbauer source and

the scatterer that can be used is about 2 cm. A 1 cm large scatterer gives

then a solid angle of about 2 '? of 4 V. A larger solid angle can scarcely be used

because of the cosine smearing of the source velocity.

The part of the cartridge that contains the baffle is coil-suspended in the upper

part of the unit, and thus free to move axially and also to some extent radially

When the cartridge is placed in position, the upper ring in the part that holds

the baffle fits into a turned track in the upper part of the inner cylinder of the

spectrometer. Thus the baffle will always be placed in the correct position rel-

ative to the inner cylinder.

The vacuum system contains a roughing pump,a one step oil diffusion pump, a

liquid nitrogen cool trap, the level of which is held constant to within one cm

by an automatical filling system, a water cooled chevron baffle and an electro-

mechanical baffle The vacuum system can be prepumped directly by the rough-

ing pump. In this pumping connection an oil trap is placed

Since it is extremely important to prevent oil from the pumping system from

reaching the vacuum chamber, and also to prevent the detector from being ex-

posed to air when in operation, an extensive safety system has been designed.

In case of a failure the system closes the baffle to the vacuum chamber, turns

off the vacuum pump and the detector voltage. If the filling system for the cool

trap is intact it will still be working. However, if also this part of the vacuum

system is damaged, the liquid nitrogen in the trap will last for a couple of

hours. When starting up the system after a failure nothing has to be done to

clean the vacuum chamber, unless the level in the cool trap has fallen very

low. In such cases a little oil may be found on the pump side of the automatical

baffle, which then has to be cleaned. To protect the spectrometer in case of a

total failure an extra power system is automatically put into action.

7. PERFORMANCE OF SPECTROMETER

The spectrometer has been designed to have a maximal luminosity at a resolu-

tion of about 2.3 % fwhm, when using a circular source with a radius of 5 mm.

When taking the effects of the grid and stabilizing pins in the slits into account,

a transmission of about <> V of 4 7T is expected The luminosity should thus be

roughly 0. Of) cm"



The line shape and resolution of the spectrometer were investigated by means

of an electron gun, consisting of two concentrical cones, tilted at about 10

relative to the spectrometer axis. This gun, shown in figure 9, is designed to

illuminate the entrance slit in the spectrometer homogeneously, so the holes

in the two cones were drilled at intervals given by a cosine distribution. To

average out a possible unsymmetry in the spectrometer several measurements

were performed while rotating the electron gun around the spectrometer axis

The opening holes in the gun had a radius of 0 5 mm, thus simulating a circular

source having about the same radius. The cathode was indirectly heated, anrl

the relative width in the energy distribution of the electrons ejected was found

to be of the order of 0 2 eV. Electron line profiles were recorded for different

energies up to 600 volts, using two different baffles at the detector side, having

1.25 mm and 5 0 mm radii.

The agreement between the experimental and simulated line profiles is very

satisfactory. The resolution of the spectrometer is the predicted one, and more-

over, the full line profiles are very similar in shape. This is 6een in figure 10

which shows some experimental and simulated line profiles. The spectrometer

is found to be linear within less than 0 1 "r in the interval 50 - 600 eV, and the

spectrometer constant agrees within less than 0 1 % with the predicted value.

From these results it follows not only that the electron spectrometer is work-

ing satisfactory, but also that the computer program is reliable. Thus it can

be used to calculate f.o.m. . line profiles and optimal parameter choices for

source shapes, source positions, focusing conditions etc. others than those

used by us.



APPENDIX 1. FORMULAS USED TO CALCULATE THE ELECTRON

PATH LENGTH

In the following we refer to figures 1 and 11. In these a is the radius of the

inner cylinder of the spectrometer, which is assumed to be at ground potential,

whereas the outer cylinder, having the radius b. is held at the potential -V

The distance the electrons move along the spectrometer axis in the field is

called d, and the energy of the electrons is E eV

First in the computer program an emission of an electron is simulated, i.e. a

random generator choses the distance r and the angles o and y (fig. 11). When

calculating the distance d it turns out to be easier to use the angles p and ~

instead of (p and y. From figure 11 the relations between these angles can be

found:

2 2 2
2^ ,. , a - r sin O t 2, -1 . . ..

cos o = (i + 2 — t a n y) (•* i)

(A 2)
a (1+tan 7)

The velocity v of the electrons can be written as

v; = v r + v z + v o - v cos p sin » r + v cos t cos 5 z + v sin o (A3)

The potential energy of an electron in the region between the inner and outer

cylinder can be written

V ln(r/a)
E

P - " l ^ b T a T (A

Since the angular momentum of the elctron is a constant we have

2 * 2 '
a v - a o r a r v% ° °

and thus E will vary according to
0

(-) - E sin P (r)
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whereas E is a constant

E - Ecos pcos

The total energy can then be written

2 2 2 a 2 *2 ' a
E = Ecos 0cos o + Esin p ( - ) + * m r + V {— (A Öa»

°ln(J>

which can be rev ritten as

m ~ - = 1 - cos 2 bcos 2 6 - s i n 2 6 ( - ) 2 - £ l n ( - ) {A r,
c K r K a

where k = 2E ln(b/a)/'V and m is the mass of the elec.ron The distance d is

2 zt where t is the t ime it takes for the electron to reach the highest point r1

counted from when it leaves the inner cylinder, (r1 is found as the solution to

the equation cos2g cos2e + sin2g (~) 2 + f In ( - ) = 1 ) .
r K 3.

d = 2 zt - 2 (2 Ez/m)Ft -

r '
2(E /E)* " (1 - cos 2pcos 2e- s in 2 5( ä ) 2 - r In ({))"* dr -z v r K a

a

2(kEz/E)5 j ' ((1 - cos2pcos26)k - sin2gk(^)2 - 2 ln(^) f ^ dr =
a

i r1
 2 _i

2(kEz/KV j (A2 - BBC-) - 2 In (^)) B dr (A
a

2 2 2
where we have introduced A2 = k(l - cos pcos 6) and BB = k sin 0.

a 2 r —
Let x (A2 - BB ( - ) - 2 In ( - ) y be a new vai .able of integration. The new

r a h
limits in the integration will then be x - 0 and x = (A2 - BB) .

/A2-BB'
d - 2(kE /E/E) I

o 1 - BB^a/r)

2(kE7/K)^ a j ' ((r/a) + HB(a/r) + BB2(a/r)3 + BT 3(a/r)5)dx *> (A 7)

a

/A2-BB1

C j" (exp(-x2/2) » 2 Bexp(x2/2) i | B2cxp(3x2/2) 4 —^ B3exp(5x2/2)) dx
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where C = 2 (kE /Ef a exp(A2/2) and B = BB exp(-A2). This equation (A 7)
z

has been numerically solved to determine the distance d when calculating the

electron trajectories.
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APPENDIX 2 ON THE USE OF THE SP' RICAL GRID SPECTROMETER

IN DEPTH SELECTIVE CEM

The particular requirements in depth selective CEM - high luminosity and n res-

olution of 2-3 T - may suggest the use of a non-dispersive (retarding field) spher-

ical grid spectrometer. In such a spectrometer, to be described below, the

scatterer would also be easily accessible to the transducer arrangement and

other equipment one may wish to introduce.

Purely retarding (integral) grid spectrometers have been constructed and used

for a variety of purposes A closely related example is the spectrometer built

by Matsukawa et al L21 ] for the study of energy and angular distributions of

scattered 10-30 keV electrons. However, for depth selective CEM a differen-

tial spectrometer is judged to be more efficient. Differential spherical-grid

spectrometers have been built by Huchita! and Ridgen [22], Staib [23] and

Lee [24]. The spectrometer model suggested here is based on the same prin-

ciple as that of Lee, i .e. the combination of a reflection (low pass) and a re-

tardation (high pass) part. The geometry is seen in fig 12. The slightly asym-

metric positions of the A and B grid pairs will allow electrons reflected from

A to form an image of the scatterer in front of the B grids. The energy selected

electrons are collected in a post-monochromator [22], which, by means of the

large and properly biased entrance aperture of an electron multiplier, is ar-

ranged for high collection efficiency The exact spectrometer function, neg-

lecting deflection and scattering in the grids, has been computed by other

authors [22-24] for this or similar arrangements. The sharpness in the ener-
2

gy cutoff of either of the g? id pairs will be of the order of (d/r) , where d is
the diameter of *he scattei er and r is the radius of curvature of the grids

The exact value wil1 HP^ n(j o n the displacements and allowed angles.

This cutoff sharpness is impaired by the effects of deflection in the grid meshes

and by scattering and secondary electrons generated on the grid wires. The

angular deflection in a swift passage of a grid may be simply estimated to be

of the order of m/a, vhere m is the mesh size and a is the distance between

the two grids in a grid pair. References [22-24] give more careful calcula-

tions on this subject.

The A2 grid should possibly be replaced by a polished, carbon covered metnl

surface, as in the Lee arrangement [24], in order to give a well-defined reflec-

tion cutoff. When high energy electrons hit this surface (or grid), some of

them are backscattered and secondary electrons are generated- Lee [24] uses

a pre-retardator to avoid this. However, one may possibly use an aperture at
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the position of the reflection image of the scatterer. Secondary electrons will

focus on the center of curvature of the A grids and thus miss the aperture; the

same is approximately true for the backscattered electrons. Some further high

energy electron rejection is performed by the post-monochromator. It seems

likely, though, that there v ill be a long tail on the high energy side of the spec-

trometer function, but that it may be kep. very low .

A preliminary version of the spectrometer described here was built, with

rather rough grids. When tesiing this set-up, a noise problem was found which

seems to make non-dispersive grid spectrometers unsuitable for CEM spectro-

scopy, although they have been shown to be successful in other applications,

also in case of high voltage. After some investigation of this problem, a deci-

sion was therefore made in favor of a cylindrical mirror spectrometer.

It is of some interest to briefly describe the nature of this noise, as it is evi-

dently tilso present in the cylindrical mirror spectrometer, although then a

much smaller disturbance. The noise appeared as a background which rapidly

increased at a threshold of 2-3 kV, reaching values in the order of 10 000 sec
-7 -5

It increased somewhat with pressure (in the range 10 to 10 torr). No par-

ticular object in the spectrometer was responsible. Enclosing the multiplier

in a smaller metallic shield of the same high voltage would raise the threshold

to about 4-5 kV and make the noise rate more insensitive to the pressure. Also,

a hysteresis was observed; it could take time - in the order of several minutes -

for the current to reach a stable value or to fade off.

In order to investigate the nature of this current the following arrangement,

briefly described, was made. In front of the electron multiplier, two aluminium

plates were placed about 1 cm apart, with a small aperture in the plate nearest

to the multiplier. This plate vas held at ground potential, while high voltage

vas applied to the other It was found that the current increased v ith voltage in

essentially the same way as in the earlier tests, and it also showed the same

hysteresis or time delay. With negative voltage, the current was several (2-10)

times higher than with positive voltage. It was concluded that there was probably

a current of both negative and positive particles between the plates, the negative

particles being several times as numerous as the positive ones.

Naturally, the spectrometer was designed so as to allow no field emission from

any visible metallic protuberances It seems then to be a reasonable hypothesis

that the noise ie due to microdischarge, i .e . an exchange of positive and nega-

tive ions and electrons between anode and cathode surfaces, or to field emis-

sion from microscopic whiskers, or to a combination of both [25-26]. The
-9currents encountered are sn.all (« 10 MA) from a macroscopic point of view ,
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but present a major problem when combined with the rather low count rate in

CEM spectroscopy and the exposed position of the detector in the spherical-

grid spectrometer.
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FIGURE CAPTIONS

Fig- 1 The geometry of the spectrometer and the parameters varied in the

computer simulations (b. - b2 are the radii of the source and the

detector baffle, s. - s2 the widths of the slits in the inner cylinder,

z is the distance along the spectrometer axis from source to detec-

tor baffle and z. is the distance from the source to the center of

the entrance slit).

Fig 2 The aberration of the spectrometer for different spectrometer

settings A point source on the axis is assumed.

Fig- 3 The maximum obtainable luminosity of cylindrical mirror spectro-

meters. Curve 1 shows the result when all parameters have been

optimized, curve 2 corresponds to a spectrometer having a length

of 6.13 a where a is the radius of the inner cylinder (2nd order

focusing) and curve 3 corresponds to the spectrometer built

when only the radius of the source and the detector baffle are

varied

Fig. 4 The resolution (fwhm) as a function of the slit widths used, for

different source radii in units of the radius of the inner cylinder.

Fig. 5 Simulated line profiles for a resolution of 3 'T (fwhm) and maximal

luminosity. Line 1 corresponds to the spectrometer built by us,

line 2 to a spectrometer having a length of 6.13 times the radius

of the inner cylinder.
2

Fig. 6 Luminosity (cm ) and resolution (fwhm) for our spectrometer as

functions of source radius and slit widths, according to the comput-

er simulations. (1) fwhm for different slit widths with a source

radius r = 0.5 cm, (2) fwhm for different source radii with slit

widths s - 3.4 cm, (3) L for different slit widths, r = 0 5 cm

and (4) L for different source radii, s - 3 4 cm.

Fig. 7 The exterior of the spectrometer. On top of the vacuum tank is

seen the Mössbauer transducer. The figure also shows the two.

fairly small Helmholtz coils used to eliminate the earths magnetic

field.

Fig. 8 The inner cylinder of the spectrometer with its bottom and top

plates mounted, and the cartridge containing the electron detector,

the detector baffle and the container for the Mössbauer source.
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Fig- 9 The electron gun used when testing the electron spectrometer. As

seen the holes are drilled at unequal intervals so to illuminate the

entrance slit in the spectrometer homogeneously.

Fig. 10 Experimental (full) and computer simulated (dashed) line profiles.

In the experiment the electron gun and a detector baffle having a

radius of 0 5 cm (left line) and 0.125 cm (right line profile) were

used. For the computer simulations a source having a radius of

0 • 5 mm and the same detector baffles were used •

Fig. 11 The geometry of the simulated emission of electrons. O is the

center of the source, P is the point of emission and Q is the point

where the emitted electron leaves the inner cylinder. The distance

r and the angles c and yare given by a random generator. In the

calculations of the distance d in figure 1, however, the angles /?

and & are used.

Fig. 12 Geometry of the grid spectrometer, proposed for use in CEM

spectro8cepy.



TABLE CAPTION

Table I Maximal luminosity obtainable for given resolutions (fwhm) The

choice of parameters is not unique, similar results can be achieved

with other combinations

All measures are given for a spectrometer having an inner

radius of .
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TABLE I

Resolution
range (fwhm)

Length of
spectrometer

Spectrometer parameters

Angle to
center of
entrance
slit

Slit
widths

Source
radius

< 1. 5 'I 6.13 42.3

1.5%,

2.0%

3 5 %

4 0 %

4.5%

5-5%

6.5%

6.30

6.30

6.30

6.30

6.30

6 30

6. 30

44.0

44.0C

44.0C

44.0'

44. 2 f

44.2

44. 2

o

o

o

0.56
0.65

0 6 5

0 7 4

0.74

0 8 3

0 9 3

0.056
0-09

0 1 5

0 1 8

0 1 9

0 2 4

0.28
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