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ABSTRACT
An efficient, high-resolution, vertical-focusing, Bragg crystal x-ray
spectrometer has been specifically designed and constructed for use in
measurements of x rays produced in collisions of energetic heavy ions.
In this report the design and resulting operational characteristics of
the final instrument are fully described. A wide variety of sample
data is also included to illustrate the utility of this device in
several areas of research,

I. INTRODUCTION

The Nuclear Science Applications group at the Qak Ridge National lLaboratory
is studying the effects of chemical environment on the emission of x-rays
induced by heavy ion impact.l Collisions involving highly energetic heavy ions
(21 MeV/u) predominantly produce multiple inner-shell ionization. Resulting K,
Xx~-ray spectra are composed of a complex series of intense, chemically sensitive
satellite lines, with small energy differences hetween adjacent peaks (~ 17 eV
for sulfur), The satellites may extend to hundreds of electron volts above the
characteristic x-ray line energy. 1In addition, these peaks contain pronounced
~ 1 eV fine structure. Previous measurements (carried out here at ORNL and
elsewhere) have usually employed commercial Bragg single-crystal spectrometers
having typical energy resolutions of 6~7 eV in the 2.5 keV x-ray energy regime.
A much higher resolution crystal x-ray spectrometer with high collection effi-
ciency is needed to study the spectra of K and L x-rays from compounds and
alloys of interest to us containing elements from fluorine to mercury.
Unavoidable energy broadening from a number of mechanisms inherent in heavy-ion
collision excitation amounts to ~ 1 eV, Therefore, the energy range of interest
is 1-10 keV, with a desired total energy resolution on the order of 1 eV at 2.5
keV and 5 eV at 10 keV. Additionally, it is desirable to simultanecusly collect
data over a large enough energy bandwidth (AE/E > 10%) to fully cover the per-
tinent satellite structures with each positioning of the sSpectrometer com-

ponents, and cover about 1 to 2 keV by repositioning a single crystal.




In order to obtain both high resolution and increased efficiency, a curved
crystal "vertical-focusing" Bragg spectrometer was examined in detail., First
proposed by Gouy,Z and developed by von Hamos,3 this design offers a gain in
intensity of one to two orders of magnitude over conventional flat crystal
spaectrometers: the gain is on the order of the ratio of the crystal radius of
curvature to the source height.4»5’6 This spectrometer type differs greatly
from the "horizontal-focusing" curved-crystal geometries of Johann/ and
Johannson,B both of which employ a crystal and detector positioned along a
Rowland circle. Horizontal-focusing spectrometers concentrate x-rays in the
dispersive plane and for a single point sSource they most effectively focus
x-rays of a single energy. They require scanning of the crystal and detector in
order to efficiently collect data over a substantial range of energies. The
vertical-focusing types, on the other hand, focus in the non-dispersive plane,
and permit, at one positioning of components, effective data collection over an
energy bandwidth limited primarily by the crystal length and detector size. The
imaging properties of the vertical-focusing spectrometer were examined in order
to determine the aberrations affecting spectra taken by such a device. These
properties have been investigated previously in refs., 5 and 6 for one specific
design geometry; a more general study allowed different geometries to be
evaluated on thne basis of imaging quality. Based on this study and other
considerations discussed in Chapter II, a versatile spectrometer has been
designed and constructed. A description of the instrument, its operation, and

results of initial performance tests are presented in Chapters II and III.



IT. DESIGN AND CONSTRUCTION
II.A. General Design Considerations.

A schematic drawing of a vertical-focusing spectrometer, along with the
coordinate system used in the following discussions, is shown in fig. 1. The
spectrometer is composed of three components; an x-ray source, usually defined
by a rectangular aperture, a cylindrically-curved crystal, and a position-
sensitive x-ray detector., At a fixed positioning of the components, an
incident x-ray location on the detector corresponds to a particular Bragg angle,

and hence to a particular x-ray energy through the Bragg relation x = 2d sin 8g

(in 1st order), or
E{keV) = 12.398/[2d(A) sin 8] . (1)

An extended crystal diffracts x-rays having a range of energies. A quartz
crystal (1011) (2d = 6.687R) of length 10 cm, for example, allows a large por-
tion of our desired energy range to be reached; a one-dimensional position-

sensitive proportional counter (PSPC) permits the reflected x-rays to be
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Fig. 1. Coordinate system employed in the study of imaging processes
for vertical focusing crystal spectrometers., The crystal is curved in
the y-z plane., The figure is not to scale,




detected with good spatial resolution., The PSPC is advantageous for our studies
because of its high efficiency, real-time readout, and on-line adjustment capa-
bility. The source of x-rays is typically a solid target, impacted by a
collimated heavy ion beam. Atomic systems which experience inner-shell excita~
tion by fast heavy-ions radiatively decay with observed x-ray total line widths
near ~ 1 eV, The broadening is due primarily to the ordinary natural line width
(e.g., 0.6 eV for sulfur K,) combined with the effects of fecoi] Doppler
spreading and distributed unresolved shifts from multiple ionization of outer
electron shells. Unless studies of intrinsic line shapes are anticipated,
instrumental resolution significantiy better than &E/E ~ 1/2500 is unnecessary
for most of these ion-atom collision x-ray measurements. |

The instrumental energy resolution of a single-crystal spectrometer such as
the one considered here is limited by the components which contribute to the
smearing of Bragg angles in the x-ray production, diffraction and focusing, and
detection processes. X-ray source widths (ay) narrower than a few hundred um
are difficult to achieve with energetic heavy-ion excitation without substantial
loss of beam intensity. This extended source size produces a major component of
the spectrometer resolution loss. Variation in spacing and orientation of the
lattice planes in the cylindrically-bent crystal is another source of resolution
loss, typically characterized by the crystal's rocking curve and resolving
power, The finite detector spatial resolution also contributes to the system
energy resolution., The losses due to the crystal and detector depend on the
specific components employed; the loss due to a finite source size also depends
on the imaging properties of the device; the loss due to imaging aberrations 1is
related to the finite source size and can be approximated in the following

manner. The differential of eq. (1) with respect to op is

dE = E cotep deg . (2)



One can see from fig. 2 that the finite source width ay allows x-rays in an
energy in a range E - dE/2 to E + dE/2 to strike the same position on the detec-
tor., Optical aberrations from focusing by the curved crystal result in dis-
torted imaging of the extended source such that detected line shapes will be

- broadened and possibly skewed. To evaluate dE, we assume that all the aberra-
tions in the spectrometer are described by a factor F, such that the image width
of a source slit of width Ay and height Az in our system is equal to the image
width of a siit of width F Ay in a perfectly imaging system. We assume here
that the ratio F is a reasonable measure of the maximum loss in spatial resolu-

tion due to optical aberrations and approximate our system by the perfectly

imaging system (fig. 2) to get the angular resolution

deg = F Ay cosep sinep/2p , (3)
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Fig. 2. Geometry 1 schematic and example rays for evaluation of
resolution loss due to a finite source width Ay: x-rays with a range of
Bragg angles deg can strike the same position on the position sensitive
detector. The figure is not to scale,




where p is the radius of curvature of the crystal. From (2) and (3) we conclude
dE/E = F Ay/2p cosZeg . (4)

The crystal radius p sets the scale for the physical size of the final
instrument. Assuming no other broadening mechanisms, the necessarily extended
source leads to a lower limit for the distance p for a given required energy
resolution. For example, with F =1, Ay = 0.2 nm, E = 2.3 keV, dE < 1 eV, and 2d
= 6,687, eq. (4) gives p » 14 cm. Increasing p leads to proportional improve-
ment in resolution. On the other hand, for a given Bragg angle and crystal size
(area = A) the total solid angle intercepted by the crystal decreases as ~ 8/p?;
so that the needed high collection efficiency requires either very large
crystals or compact systems (small p). Other considerations such as tne size of
the containing vacuum chamber and limited availability of extended space in most

experimental areas also limit the physical size of the final design,

It is thus necessary to determine F, in terms of selected system parameters
and the x-ray energy in order to evaluate the contribution to the total energy
resolution. This is done in the foliowing sections by studying the general
imaging properties of the curved crystal spectrometer in several possible

operating configurations, labelled geometries 1, 2, and 3.

Anticipating that F can be held to numerical values less than 2 or 3, we
select as "standard" system parameters the following values: crystal radius of
curvature {p) = 25.4 cm; crystal height (h¢) = 10.0 cm; crystal length (2¢) = 10.0
cm; source half-height in z-direction = 0.5 cm; Ssource width in y-direction

(Ay) = 0.03 cm; detector active length (2p) = 10.0 cm; maximum Bragg angle range

(sp) = 30°-70°; crystal = quartz (10T1) with 2d = 6.687A.



II.B. Contributions of Imaging Properties to System Energy Resolution,

11.B.1. 1Imaging of X-ray Sources in the y = 0 Plane (Geometry 1)

Focusing by the curved crystal is optimized when the detector is placed in
the y = 0 plane containing the axis of the cylindrical crystal (x-axis). We
will denote this confiquration Geometry 1 (see fig. 2). Film emulsion and solid
state detectors may be used in this configuration. However, the spatial resolu-
tion of a position-sensitive proportional counter is seriously degraded by a
conversion~depth/parallax effect when x-rays enter the detector obliquely and
are converted at various depths in the working gas., Thus PSPCs may not be used
effectively in Geometry 1. A study of this geometry nonetheless develops methods
employed in the analysis of designs which can accommodate PSPCs. A spectrometer
with Geometry 1 has been built by Yaakobi et al.5 and used for fusion plasma

diagnostics,

We wish to determine the image on a detectar in the y = 0 plane of a
monoenergetic x-ray source, restricted to lie in the x = 0 plane. As shown in
fig. 3, we consider an arbitrary point source S = (0, ys, zg) in the source
plane, A ray from S to the crystal with a Bragg angle 6g has a point of inci-
dence R(y) = (xp, -p cosy, p siny) on the crystal; the reflected ray strikes the
Yy = 0 plane at the image point P(y) = (xp, 0, zp). For any 6g, y can take on

values from -pg to yo, where
S-in\po = hc/2p (5)

and he is the crystal height, Figures 4a-c show the points A, B, S, R, S', and R
used in the calculation of the image point P, First, the x-coordinate of R is

calculated in Appendix A to be

kR = (| BR| 2 cotfop - | AR | )12, (6)
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Fig. 3. The location of an arbitrary point source S in the x = 0
plane, and the point of incidence R on the crystal of height hg.

where, for ¢ # 0,

zg = (zg tany - yg)/(tany + coty) , (7)
' AB, = ((ys + zg coty)? + (zg - zg)2)1/2
and | BR| = ((p cosy - zg coty)? + (zg - o siny)?)1/2 .

For the point source on the axis of revolution S, = (0, 0, 0), we have xp =
p cotog for all values of y. Thus a projection in the y = 0 plane of the locus
of points of incidence R(y), for a given 685, is a line parallel to the z-axis
with x-coordinate xg. For an off-axis point source, however, xp depends on ¢,
and the projection of the locus R(y) into the y = 0 plane is a curve opening
away from the source plane (fig. 5a). The shape of this locus determines the
image shape in the y = 0 plane (fig. 5b). Appendix A gives the coordinates of

P = (xp, 0, zp) to be
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Fig. 4. Location of points and planes used to determine the
coordinates of the image point P = (xp, yp, Zp).

a. S is the point source; R is the point of incidence on the
crystal; A is the projection of S into the plane x = xp;
0' = {xg, 0, 0); RO' is the normal to the crystal at point
R; B is the projection of A onto RO'; R' is in the x = 0
plane such that R'R is parallel to SB; SR is the incident
x~-ray; RP is the reflected x-ray; S' is in the x = Q0 plane
such that S' is collinear with R and P. The plane SRO'
contains the incident and reflected x-rays.

b, Llocation of A, B, R, and 0' in the plane x = xp.

¢. lLocation of §, R', and S' in the source plane x = Q.
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Fig. 5. Loci of points of incidence R(y) and image points P(y) in the
y = 0 plane (Geometry 1) for a fixed Bragg angle. Image sizes are exaggerated.

a. R(y) for an off-axis point source and a fixed Bragg angle.
b. Qualitative image of three point sources in the y = 0 plane.
A reflection in the z-coordinate of the source corresponds to

a reflection in the z-coordinate of the image,

c. Qualitative image of a line source parallel to the z-axis
in the source plane.

d. Qualitative image of a rectangular slit source in the source
plane.
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(I BR| 2 cot?ap -I AB] 21/2 (yg - 2| BR[ cosy)

xp , (8)
(ys + o cosy - 2| BR| cosy)
and zp = (p sing - 2| BR[| siny - z5)(ys - 2| BR| cosy)
(ys + p cosy - 2| BR | cosyp)
+ 25 + 2| BR| siny .

For the point source Sy, the image point is Py = {2 p cotog, 0, 0) for all
“¢: this is the only point in the source plane which images to a single point,
and thus has a perfect focus on the detector. For a~ off-axis point source, the
entire image of S is the locus P(p), where ¢ is var:2ad from -yg to yu. The
curved shape of R(¢) on the crystal corresponds to a curved shape of P(p) in
the detector plane. By making the coordinate transformation to the detector

center

X > & =x - 2p cotégg ; 7>z (9)

where @gc is the Bragg angle from Sy to the crystal center C = (X¢» -ps 0), we
have that S, images to (£, y, z) = (0, 0, D) when 63 = 6gc. A plot of £ vs. z
then gives a projection of the image on the detector. Figures 5b-d gualita-

tively illustrate the transition of the image shape as one proceeds from point

sources to a line source and finally to a rectangular source,

Figure 6a gives the image of an off-axis point source generated by a com-
puter program, where ¢ is varied from -yg to yo in twenty-one equal increments.
Expansion of the ¢-scale in this and the following figures enables the aberra-

tions to be seen more clearly.

Symmetry requires that off-axis point sources S; = (0, ys, zg) and S, = (0,
¥s, -zg) have images which are reflections through the g-axis; this is in
agreement with the image solutions in eq. (8). However, symmetry considerations
also require that the image of Sy = (0, ~ys, zg) should not be a reflection

through the g-axis of the image of S;: the contrary is reported in refs. % and
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Fig. 6. Lloci of points of incidence R(y) and image points P(y) in
the y = 0 plane (Geometry 1) for a fixed Bragg angle.

de

P(y) for an off-axis point source and a fixed Bragg
angle. The point source has coordinates (0, 0.013 cm,
-0.5 cm), and eg = 30°; other parameters have the
"standard" value.

Image of a line source of x-rays, with eg = 30.0°,

ys = 0.013 cm, and "standard" parameter values.
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6. Rather, eq. (8) shows that both images exhibit similar concave shapes
opening away from the source plane, but the image of S, has a greater curvature

than the image of S;.

The image of a monoenergetic x-ray line source oriented parallel to the
z-axis is found by calculating P(y) as ¢ and zs are varied and yg and epg are held
constant. Figure 6b shows the image in the y = 0 plane of a line source of

energy 3.7 keV (6g = 30°) with the "standard" parameter values and ¢, = 12°.

The image of a rectangular slit source is found by computing P(y) as y, ys,
and zg are varied for constant 6g. Listings of the programs used to generate

and analyze these images are found in Appendix E.

Image quality can be assessed by determining the maximum g-extension AE of
the image: a perfectly imaging system will produce Ag = ay for a slit of width
Ay and a fixed Bragg angle 6. Defining Fgy = A5/Ay, we see that this is the
full width aberration factor F in eqs. (3) and (4), In Geometry 1, typical
Ffy values are between 1 and 3; the parameters used to generate the line source
image in fig. 6b produce Fgy, = 2,2 for Ay = 0.03 cn, Additionally, it is found
that a y-axis translation of the source significantly increases the g-extension
of the image, while a z-axis translation of the source primarily results in a z-
axis translation of the image in the opposite direction, with 1ittle broadening.
This suggests that alignment of the source, while not very crucial in the z-
direction, must be relatively precise in the y-direction., The correspondence
between y-axis translation and increased aberrations also holds in the spectro-

meter designs studied in Sections I1.B.3 and II.B.5.
11.8.2. Imaging in a Tilted-Detector Geometry (Geometry 2)

Figure 7a shows a spectrometer configuration, denoted Geometry 2, which is
suitable for a PSPC. Spectrometers in this configuration, but with relatively
limited bandwidths, have been built by Taylor, et al.9 and Killne and Kallne?

and employed quite successfully for fusion plasma diagnostics. As in
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Fig. 7. a. Geometry 2, suitable for position-sensitive proportional

counters, FEach position on the detector ideally
corresponds to a unique energy.

b. The (&, n, z) coordinate system attached to the detector

in Geometry 2. &£ is the position sensitive coordinate;
note that positive £ will in general be toward negative

X

Geometry 1, the crystal center in Geometry 2 is equidistant from the detector
center and the source, The crystal center has coordinates C = (xg, -p, 0) and

the detector center has D = {xp, 0, 0), where

11

XC p cotege

and xp = 2 p cotepg .



15

The detector, however, makes an angle ogc with the y-axis to allow x-rays from
So = (0, 0, 0) to have normal incidence at the center of the detector. The
image of an arbitrary point source S = (0, ys, zg) is found in the same manner

as in Sect. 2, employing the following equation of the detector plane:
y = -x cotégc + 2 p cotZepc . (11)

Details of the calculation are found in Appendix B, with the result

xg = (| BR| 2 cot?ep - | AB| 2)1/2, (12)
Xp = 2 p cotZepc + 2| BR| cosyp - yg

(2{BR| cosy ~ p cosy - yg)/xp + cOtege
yp = -xp cotégc + 2 p cot?epe ,

and zp = xp (p siny - 2| BR| siny - z5)/xg + z5 + 2| BR| siny ,

wherel AB , and zp are given by eq. (7). The two-dimensional image

. | BR

projected on the detector may be found by transforming to the £,n system, shown

in fig. 7b:
x + £ = (x - 2p cotegg)/(-sinegg) , (13)
y>mn=0,

and z » z .

Note that images displayed in terms of £ and n appear inverted compared to plots
in x and y because of the choice of direction for positive £. Figure 8a gives
the image of a point source in Geometry 2, and figs. 8b-d give line source ima-
ges for different Bragg angles. We expect aberrations to be increased in
Geometry 2 because point sources have foci on or near the plane y = Q: the
greater the detector tilt, the larger the distance of the ends of the detector
from the y = 0 plane and hence from the focal plane. Aberrations are minimized

when eg is near 6pc, because the image is near the detector center in the y = 0
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a. Point source image, S = {0, 0.015 cm, 0.05 cm), with
x¢ = 40.0 cm, 8 = opc = 32.42°.

b. Line source image, with yg = 0.013 cm and 6gc = 0g = 32.42°.
These x-rays are reflected from the center of the

crystal, and the image is very similar to 5c.

c. Line source image, with yg

opc = 32.42°.

= 0.013 cm, 6 = 30.0°, and

These rays do not strike the crystal at

the center, and substantial aberrations occur,

d. Line source image, with yg = 0.013 cm, 6 = 34.8°, and

0gc = 32.42°.

the crystal from those in 8c.

plane and hence near the focus.

These rays strike the opposite side of

But for eg differing from 68gc, the image moves

towards the end of the detector and hence further from the focus. This expec-

tation is verified by the solutions given in eq. (12) for Geometry 2. As an

example, with the standard parameter values and with ogc = 56.

2°, the factor

Ffw has a value 1.97 for | 6g - ogg| = 3.2°, and a value of 2,95 for | eg - 8p¢
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= 8,0°; the total energy range is 2.05 to 2.46 keVv. Figure 9 gives a plot of
Ffw vs. 8g in Geometry 2 employing the above parameter values over the full
angular acceptance of a 10 cm long crystal. The angular acceptance width of a 10

cm tong detector is smaller and is also shown in Figure 9.

The following conclusions can be made from analyses of images in Geometry 2.
First, typical Fgy values over the detector angular acceptance range from 1 to
3, indicating that optical broadening in Geometry 2 is not significantly greater

than in Geometry 1. Since this resolution loss due to aberrations in Geometry 2

ORNL-DWG 85~-7016R

BRAGG ANGLE 85 (deg)

o/
95 !: / DAENQGEU(T:{E ;5 T
ACC NCE
\.
\'
60 —
\!-
\.
\.
65 | I ] I
1.0 1.5 20 2.5 3.0 3.5
Ffw

Fig. 9. A plot of Ffy vs. 6 for Geometry 2, with standard parameter
values and Ay = 0.03 cm, a crystal length of 10.16 cm with 2d = 6.687 A,
an energy range of 2.05 to 2.45 keV, and an angular range of 49.0 to
64.8 degrees with opc = 56.2°.
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is substantially smaller than the expected broadening from the conversion
depth/parallax effect in PSPCs in Geometry 1, Geometry 2 is preferred for pro-
portional counters. Second, the resolution loss due to aberrations may be
reduced by limiting the detected z height as is evident in fig. 8: this is
feasible because the loss in intensity is more than compensated by the focusing
effect of the von Hamos geometry.

Additionally, the ends of the crystal (or detector) may be masked, reducing the
bandwidth, so that only Bragg angles near 6pc are reflected and detected, At these
angles, F is minimized and resolution is optimized. These two procedures allow a
portion of the x-ray spectrum to be collected at the highest possible resolution.
Geometry 2 is thus a very flexible design which is well suited to our spectrosco-
pic needs. With proper choice of crystal and detector, it can collect a large
portion of the x-ray spectrum (AE/E~10%) at each position of the components with
much higher efficiency than a flat crystal spectrometer and only moderate
aberrations; and when necessary, a smaller portion of the spectrum can be

collected at maximum resolution.

The bandwidth of x-ray energies detected is determined by the smaller of the
Bragg angle ranges that the crystal or detector subtends from the source. 1In
order to study an energy interval larger than a few hundred eV, even with a long
{~ 10 cm) detector, the central Bragg angle range must be varied. In Geometry 2,
this is best achieved by a translation of the crystal and a translation and rota-
tion of the detector (fig. 10). The intensity of x-rays at the detector is pro-
portional to the number of x-rays reflected by the crystal, which in turn is
proportional to the solid angle @ subtended by the crystal with respect to the
source. By moving the crystal away from the source to reach smaller Bragg angles
and higher x-ray energies, @ decreases rapidly. At smaller Bragg angles, and
hence higher energies, the efficiency for a given crystal in Geometry 2 design

falls significantly.
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Fig. 10. Geometry 2 - crystal translation adjusts the Bragg angle
range.

II1.B.3. Imaging in a Rotated-Crystal, Tilted-Detector Geometry (Geometry 3)

An alternative spectrometer design denoted Geometry 3, was studied in an
attempt to partially alleviate the efficiency variation problem (fig. 11a). This
design utilizes crystal rotation to vary the Bragg angle range: the crystal
center C = (x¢, -p, 0) is fixed, and the rotation is about an axis through C in
the z-direction. Since xg is constant, AQ varies as the first power of sinegc.

A focus of the point source Q = (0, ysg, 0), the slit center, is found by placing
the detector center at the intersection of the reflected ray and the ray from Q
through the crystal normal a distance p above the crystal (fig. 11b). This
geometry is also suitable for PSPCs because of near-normal incidence of the x-rays

with the detector optimally oriented.

The advantage of more nearly constant collection efficiency in Geometry 3 is
accompanied by a substantial increase in image distortion. Two qualitative
reasons for this can immediately be given. First, recall that y-axis transla-
tion of a line source causes aberrations in both Geometries 1 and 2. Yet it is
clear from figs. 12a and 12b that a Tine source in the x=0 source plane bears
the same relationship to a rotated crystal, as a translated line source does to

a non-rotated crystal, This effective translation of the source induces the
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Fig. 11. a. Geometry 3 - crystal rotation adjusts the Bragg angle
range. The crystal center is fixed at C = (x¢, -p, 0).

b. The location of the detector in Geometry 3. Q is the
s1it center; C is the crystal center; D is the detector

center; N is a distance p above C on the normal to the
crystal at C; o is the angle of rotation of the crystal.

greater distortion., Geometry 3 cannot, however, be reduced to Geometry 2 by a
simple coordinate transformation because the detector has different orientations
in the two designs. Yet it does suggest a method, described below, of dealing

with the complexities of a rotated crystal configuration.
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Fig. 12. The coordinate transformation in Geometry 3. A rotated-
crystal geometry (a) is reduced to a non-rotated configuration, (b).
Most reflected rays are not focused on the detector in Geometry 3 as
shown in (c): this leads to increased aberrations. Finally, (d) shows
the coordinate system attached to the detector in Geometry 3, after the
coordinate transformation shown in (b).
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The second qualitative argument for increased aberrations in Geometry 3
involves the detector p]acement. Consider two x-rays from the slit center Q,
one incident at C = (xg, -p, 0) and the other at the edge of the crystal
(fig. 12c). The detector is placed so that the ray incident at C has a focus at

the detector center, given by the lLensmaker's Law for cylindrical mirrors
1/1 + 1/0 = =2/p , (14)

where 1 and o are the lengths of line Segments DI and SO shown in fig. 12c.
However, the rays incident at the crystal edge will not have a focus on the
detector. Rather, the degree of aberration in the focus worsens as the normal
distance from the focus to the detector increases. Additionally, for small
Bragg angles, this focus has a magnification greater than 1: thus even a perfect
focus of the source would result in a substantial increase in the g-extension of

the image.

The input parameters necessary to find images in Geometry 3 are the radius
of curvature p, the x-coordinate of the crystal center x¢, the point source
coordinates yg and zg, the Bragg angle 6g, and two new parameters: the y-
coordinate of the center of the siit ysgp, measuring misalignment; and a desired

Bragg angle range (6,,0,) to be collected by the spectrometer. MWe then set

(01+82)/2 , (15)

1]

9BC

i

and a = atan [{p + yso)/xc] - 98C »

where o is the clockwise rotation angle of the crystal from horizontal
(fig. 11b). This choice of o and egc allows the maximum portion of the desired
angular (energy) range to be reached. The detector position is found in

Appendix C (eq. C5) with the result that the center D = (xp, yp, 0) is given by
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¥so + o + x¢ tany
XD s (16)
tany + (ygQ - o €0Sa + p)/(XC + p Sina)

#

i

yp = (xp - x¢) tany - p ,

and

<
i

g -~ a .

A coordinate transformation is now made to a system in which the x-axis is the
crystal's axis of revolution and the source s1it is rotated and translated

(fig. 12b). The method of Sect. II.3 is now employed to find the image points
P(y) on the detector plane. Finally, a transformation is made to a coordinate

system attached to the detector (fig. 12d):

x > £ = (x - xpr)/(-sin egc) , (17)

0,

3

y+n

and z +» z ,

where xpp is the x-coordinate of D in the new coordinate system. The image

solutions are found in Appendix D to be

XpR - YSR + 2' BR[ cosy + Xpp cotége

(18)

>

-~

1
-

(ys - YSR + 2] BRI cosy)/xp + cotépe

and zp = xp {(p siny - zg - 2| BR[ siny)/xp + zg + 2| BR[ siny ,

with (£, n, z) given by eq. (18), and Xpr. YpDR» YSRs XRo and[ BRI given by eqs.
(D3), (D5), and (D6) in Appendix D.

Figures 13a-d show images of line sources in Geometry 3. Note that y-axis
translation and the shift of 8g from 8g¢ results in substantial increase in the
g-extension of the image., The third, and dominating, factor causing aberrations
is the angle of crystal rotation a. Even a small angle of rotation can greatly
distort the image at any Bragg angle, even those equal to or deviating only
slightly from 8gc. Figure 14 shows plots of Ffy vs. 8g for Geometry 3, analo-

gous to fig. 9 for Geometry 2. Here X¢c = 30.0 ¢m and « = 15,23° to achieve
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Fig. 13, 1Images of line sources in Geometry 3 with standard para-
meter values ygg = 0, x¢ = 40.0 cm.
a. yg = 0.015 cn, 8 = 6gc = 32.42°, similar to fig. 8b.
a = 0.0°: there is no crystal rotation.
b. ys = 0.015 cm, 85 = 30.0°, 63¢ = 32.42°, a = 0.,0°, as
in fig. 8c,
c. ys = 0.0 cm, 6g = 35.0°, 6gc = 35.0°, o = -2.58°,
Small rotation of crystal causes large aberrations.
d. yg = 0.0 cm, 6g = 32,0°, égc = 35.0°, a = ~2.58°. Both

the effect of crystal rotation and of a shift of og
from 6gc are evident in large aberrations.

6gc = 55.92° which for quartz(1011) gives a central-ray Bragg energy of 2.24 kev,

The Ffy are 2 to 5 times those found for Geometry 2 (see fig. 9).

example to show the strong a dependence, a crystal rotation of 2.43° gives Fgy

As another

values from 1.99 to 4,79 depending on 6g, with xc = 40 c¢cm, p = 25.4 cm, Ay =

0.03 c¢cm, and an energy range of 2.12-2.40 keV,

If a is increased to 10.65° to

reach 4,5-5.5 keV, Ffy, dramatically increases to a range of 15.35 to 18.29.
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Fig. 14. A plot of Ffy vs. e for Geometry 3, with standard
parameter values and with Ay = 0.03 cm, x¢ = 30.0 ¢cm, a = 15.23°,
Ope = 55.92°. The energy range is 2.09 to 2.43 keV, similar to
the situation shown in Fig. 9 for Geometry 2. The rotation of
the crystal has caused F¢y to have values as high as 8.17.

Thus with the above set of parameter values, the full width g-extension of the
image is 15 times the source width (the fwhm g-extension is approximately 10

times larger than the source width.)
. Lo
I1I.B.4., Comparison of Image Quality in the Three/Geometr1es.
The values of the aberration factor Ffy (Figs. 9 and 14) clearly show the

imaging superiority of Geometry 2 over Geometry 3. Another comparison of image

quality can be made by examining the signals generated by the PSPC in the two
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geometries, The proportional counters suitable for use in Geometries 2 or 3 may
be position-sensitive in either one or two dimensions. One dimensional counters
are useful to our studies when they are aligned along the g£-direction,
integrating signals in the z-direction: all signals with a £-coordinate in a
particular interval are counted in the same data channel. This integration can
be simulated by employing the £ vs. z image plots, as long as two assumptions
are made. First, we assume that a rectangular source slit is uniformly illumi-~
nated. This allows the source to be approximated by an array of point sources
evenly spaced in the y- and z-directions, each isotropically emitting x-rays
with the same intensity. Secondly, assume p >> zg for all point sources S
approximating the slit., Then each unit of surface area AA on the crystal sub-
tends the same solid angle for any angle ¢ with respect any source point 5. Now
it can be seen that each x-ray from S to R(y) reflected to P(v), for all S and
all ¢, represents an equal amount of intensity when ¢, ys, and Zg are evenly
incremented., This follows from the above assumptions: for any one S, incre-
menting ¢ marks off equal areas of the crystal AA, which subtend equal solid
angles A2 with respect to S as shown above. The number of x-rays striking AA 1is
proportional to AR, and this is equal to the number of x-rays reflected from AA
to the neighborhood of P(y). Since all point sources § emit similarly, each
image point represents the same amount of intensity. So by integrating the
image points in the z-direction and plotting against the E-coordinate, we Simu-
late the integration physically performed by the one-dimensional PSPC and
generate a plot of counting intensity vs. £€. Figures 15 and 16 give sample
plots of relative intensity vs. & for Geometries 2 and 3, respectively, given a
source height Ay = 0.03 cm, standard parameter values, and various Bragg angles
and slit alignments. Once again, the imaging quality of Geometry 2 is seen to
be superior to Geometry 3: the fwhm of the intensity plots are greatly

increased by any rotation of the crystal.

To summarize, we have studied the imaging properties of the von Hamos-type

curved-crystal x-ray spectrometer for three different design geometries. The
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Fig. 15. Plots of intensity vs. position on detector (£) in Geometry
2 for input parameters identical to those in fig, 8,

a. The Bragg angle 9p = 32.42°, and these rays thus strike
the crystal center. The intensity pattern has a width
slightly larger than the slit width (Ffy = 1).

b. A translation of the source slit along the y-axis by an
amount 0,015 cm, with the same parameters and with
OR = 32.42°, The pattern is shifted along the detec-
tor, but is not broadened.

c. Changing the Bragg angle to 8p = 29.94° leads to a coma
effect; these rays strike the edge of the crystal. Fgy
increases to approximately 4, (Fg = 1.7)
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of intensity vs. £ for Geometry 3 with input parame-
and x¢ = 40.0 cm.

= 32.42°, o = 0.0°.
(no crystal rotation).

= 35.0°%°, a = -2.58°.
intensity pattern is that of the image shown in

This is identical to fig. 15a

Here Ffy = 2.5, and tne

Notice the low energy tail in the pattern.

These rays do strike the center of the crystal.

c. 6y = 40.0°, a = -2.58°.
crystal rotation and shift of 6g. Ffy has grown to
approximately 5.

This has both effects of



29

first design involves placing a detector along the crystal's axis of revolution:
this design, ideal for solid state or film emulsion detectors, offers superior
image quality. A second design involves tilting the detector towards the

crystal to allow near-normal x-ray incidence, The crystal and the detector are
translated to vary the Bragg angle range. This design is ideal for position-
sensitive proportional counters, and has only slightly greater aberrations than
the first configuration. The main disadvantage for both of these designs is that
they suffer from strong collection efficiency variation with central Bragyg angle
for a given crystal. A third design involves fixing the source-to-crystal
distance and rotating the crystal about its center to vary the Bragg angle range.
This design offers greater collection efficiency over the detected bandwidth,
especially at high energies, than the previous designs. However, a severe
increase in image distortion, even at small crystal rotations, makes this design

unsuitable for most high resolution needs.

A1l three designs offer advantages over flat-crystal and curved-crystal
horizontal-focusing spectrometers, First, the von Hamos geometry gives a large
gain in intensity of x-rays at the detector over flat-crystal types: the tilted-
detector design does this with only moderate aberrations. Second, a larye por-
tion of the x-ray spectrum may be collected at each positioning of the crystal
and detector: horizontal-focusing spectrometers using point or slit sources
require scanning of the crystal and detector to collect a sizeable energy range.
With a moderate-size crystal, the tilted-detector design can collect AE/E » 10%
without scanning, and by masking the ends of the crystal, a smaller range can be

collected with the highest energy resolution possible in the von Hamos geometry,

11.C. Construction Details.

Based on the above considerations and on the availability of commercial
components, we decided to construct a Geometry 2 type von Hamos spectrometer

(as displayed schematically in fig.17) according to the following system para-
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Fig. 17. Schematic of von Hamos spectrometer as constructed, View
is of plane containing the ion beam and the crystal axes. Remotely
controlled adjustment motions of crystal and detector are indicated by
arrows.
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meters: (1) The crystal radius is set at p < 25.4 cm. As noted previously, a
required energy resolution of SE/E < 1/2500 together with realistic source
width of wg » 0.2 mn essentially dictates that the crystal radius be p > F-14
cm, With F held to < 2, o = 25.4 cm permits the required energy resolution to
be achieved. For measurements not requiring such high resolution, use of
crystals with smaller p is also possible. (2) The adjustment of crystal and
detector relative positions allows the central Bragg angle (opg) to be varied
from 30 to 70 degrees which gives full coverage of x-ray energies from 1 to 10
keV using only a few different crystals. This angular range together with p =
25.4 cm determines the scale for the size of the instrument (and the containing
vacuum vessel) to approximately 60 x 120 x 15 cm3. (3) The crystal and detec-
tor lengths are set at 10 cm to achieve a detected energy bandwidth AE/E > 10%.
Consultation with various crystal preparation expertslO led us to 10 x 10 cm?
as the maximum crystal size (for p = 25.4 cm). The thin crystals are per-
manently glued in place on aluminum blocks machined to a precise concave
cylindrical surface., We have ordered and received two crystals (Interactive
Radiation, Inc.; Northvale, NJ). One is quartz(1011) with 2d spacing of 6.687 A
particularly suited for study of sulfur K, satellites; The other is ADP(101)

with 2d spacing of 10.648 A,

The detector is a commercial (TEC, Knoxville, Model 210F) position-
sensitive proportional counter, It is a gas-flow type with a thin(12 um) alumi-
nized mylar window allowing optimization of efficiency and spatial resolution
for x-rays of various energies by appropriate choices of working-gas, pressure,
and bias. Initially, at 2.3 keV, we are using P10 gas(90% Ar, 10% CHa) at a
pressure of 1 atmosphere, Position of detected x-rays is determined by timing
of from the two ends of the quartz-fiber anode.ll The full-width-half-maximum
position resolution is measured to be 150 um at a bias of +1385 volts. The
detection efficiency at 8 keV is » 80%. The detector and preamplifiers operate

wholly within the vacuum chamber,
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The x-ray source consists of a spatially well-defined, ion (or electron)-
target interaction region. Collisions of either electrons or high-energy ions
generate x-rays in the target cell shown in fig. 18. The ion beam is collimated
by two sets of 4-jaw slits situated 200 and 60 cm upstream of the target. A beam

skimmer mounted immediately in front of the target on the target cell outer

ORNL-DWG 85-10021
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TUNGSTEN - QUTER
FILAMENT CYLINDER
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Fig. 18. Target cell x-ray source assembly. Target x-rays are
generated by either electron or ion impact. Source size is determined

by (1) ion spot size or (2) x-ray limiting slits mounted on the inner
cylinder,
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cylinder reduces the extended spray of slit-scattered ions and guarantees that
the ion beam position on the target is stably located. Typical beam-on-target
widths, measured from beam spots observed after lengthy bombardments, amount to

~ 0.3 mm. For solids, the targets are mountad on an electrically isolated

ladder oriented perpendicular to the plane of fig. 18, The target ladder posi-
tion is rigidly maintained by a guide track fTixed within the target cell, so

that exact repositioning of the x-ray source region may be achieved when

targets are changed, This is an important feature which is discussed in more
detail in Chapter III. The two cylinders shown surrounding the target are also
electrically isolated so that, with appropriate biasing, beam current may be taken
from thick targets for normalization and/or beam monitoring. The inner cylinder
contains the x-ray defining slits which may be externally rotated with respect to
the cylinder axis, The fixed outer cylinder is an x-ray shield used to reduce
detected background by limiting departing x-rays to those that fall on the crystal
directly. A tungsten filament for electron impact x-ray production is also

mounted on this cylinder, as indicated.

The crystal, detector and target cell are all contained in a stainless steel
vacuum chamber as shown in fig. 19. The chamber is pumped to ~1x10-7 torr static
pressure by a 350 &/s cryopump. Two large rectangular ports on the chamber
side permit access for crystal and detector adjustment and replacement. The
crystal and detector are mounted on carriages supported by dove-tail tracks with
precision lead screw drives which are controlled and monitored externally.
Similarly, the rotational orientation of the detector with respect to the crystal
axis is externally adjustable, The crystal and detector mounting tracks are
aligned paraliel by using a laser beam reflected from a mirrored target to the
crystal and onto the detector center at all positions along its track. Once

aligned, the tracks are locked in place,

The thin mylar detector window permits a small leak rate of detecting gas into

the vacuum chamber so that the spectrometer operating pressure is typically ~ 10-6
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Fig. 19. Drawing of spectrometer vacuum chamber showing mechanical
assembly of crystal and detector, their mounting tracks, and motion
controls.

torr. At the Holifield Heavy Ion Research Facility (HHIRF) tandem accelerator,
beamline pressures are ~ 10-8 torr. To accommodate the large pressure differen-
tial, a liquid nitrogen trapped vacuum fsolator is placed at the entrance to the

spectrometer,

The spectrometer chamber is mounted vertically on a mobile stand which has
jacking screws for leveling and height adjustment. A typical operating con-
figuration for the entire instrument attached to a HHIRF tandem beamline is shown

in fig. 20.



Fig. 20.
accelerator beam line. 1Ion beam enters from the left.
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Photograph of spectrometer as attached to the HHIRF tandem
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IITI. OPERATIONAL CHARACTERISTICS
III.A. Calculated and Measured Performance.

The selected 30°- 79° angle range and the Bragg relation [eq. (1)}] determine
the energies accessible to a single crystal. At a given positioning of crystal
and detector, the detected energy bandwidth AE is limited by the component which

subtends the smaller opening angle A8 through eq. {(2), rewritten here as
AE/E = cotogg A6 . (19)

For our design parameters of p = 25.4 cm, detector length (2p) = 10 cm, and
crystal length (2¢) = 10 cm, the detector is the limiting component and 48 1is
given by

a6 = tan=1[2p/(20-sinopc)] . (20)

Figure 21 displays the energies diffracted by four example crystals which span
the 1.25 to 10 keV energy region. The detector-limited bandwidth is also shown
there, The x-ray energy scaling within a detected bandwidth is weakly non-linear.

To a very close approximation,

E(n) = Eg + As(n-ng) + Be(n-ng)?2 , (21)

where Ey is the x-ray energy at data channel ng near detector center, A is the

dispersion in eV per data channel at channel ng,, and

2 2\,2
_ (287 - CRIAT g5 308, (22)
B = ————— 5 0B =5
260 (ES-Ch) 2d(A)

In normal operation, an energy calibration is accamplished by measuring channel
positions nj; and np of two Tines of known energies E; and E,, respectively.

The energy per channel is given by (E2-Ej)/(nz-n1) and to a first approximation,

n, = (nz +n)/2 . (23)
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Fig. 21, Central Bragg angle 8pc versus detected x-ray energy for
four 10 cm long crystals, Shaded region indicates detector-limited
bandwidth at a given central angle. Spectrometer allows 30°<ep<70°
range of operation,

The closer (in energy and channel number) E; and Ep are, the mere accurate the
approximation for Ny but the less precise the determination of A, A better

approximation is given by

2 2
no = ———e—- + e 5 . ¢ (nZ’nl)' (24)
2 2Ep(Eo-Cp) 4

Figure 22 shows measured (points) and calculated (curve) energy vs. channel number
data for electron~impact generated Zr L a1,25 Bls Be,us Bas B2,15 Tines using
ay; and g, for £;, n; and Ep, no determinations, The energy displacements of

B3 and 82 15, from the calibration curve amount to less than one part in 1000.
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Fig. 22. Detected position versus x-ray energy in the 2.3 to 2.5 keV
energy region using a quartz (1011), 2d = 6.687& crystal with radius of
26.4 cm. Points are 4 keV electron-excited zirconium L, g x-ray line
positions measured from the displayed spectrum. The solid curve con-
necting the points is given by eq. 21 as explained in the text using

LO‘l,2 and Lg, as calibration points.

The total energy resolution within a bandwidth varies with energy because of
two effects. It was shown in Sect, II.B.2 that imaging distortions maximize for
x-rays detected far from the central Bragg angle 6gc. These distortions result in
increased linewidth broadening by about 10% of the width for optimum resolution.
Additionally, spatial broadening occurs for these off-normal rays due to conver-
sion of x-rays at various depths within the working gas of the detector. To study
this effect directly, a narrow line (Molybdenum lLg;) excited by electron impact

was located at the center of the detector and observed as a function of detector
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orientation, The measured full-width-half-maximum is plotted in fig. 23 versus
the angle of incidence. As shown there, deviations from 90° greater than about
five degrees produce significant line broadening. Therefore, for optimized
resolution the total opening angle must be limited to ~ % 5°, At egc = 51° the
angular acceptance width of the 10 cm long detecter is less than * 5° as shown
in fig. 23. However, at opc = 70° the detector acceptance maximizes at * 5.3°
and there is noticeable (15%) resolution broadening at the ends of the detected

bandwidth., These measurements were made with P10 detecting gas at 1 atmosphere
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Fig. 23. Measured line width of electron-excited molybdenum
Lg, plotted versus detector orientation with respect to detected
x-rays. When the detector is centered on the Lz line and oriented
perpendicular to the incoming x-rays, it has the angular acceptance
shown. Crystal used was quartz (1011) and egc = 51°.
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pressure. Higher pressures and/or heavier detection gases allow larger angles
and therefore wider bandwidths., For example, Xe at 1 atmosphere should permit
angles deviating from normal incidence that are ~ 5 times larger for 2.5 keV

X~rays.

In practice total energy resolution depends on a variety of factors. An

example is given below for Al Ka x-rays at 1.49 keY excited by 5 keV

1s2
electrons, The crystal used was ADP(101), 2d = 10.648A& with a 25.4 cm radius of

curvature. Contributions to resolution loss include:
(a) finite source width (wg = 250 um) and imaging distortion (F>1) effects

6Eg = - Ws Ffwhm = 0.46 Frypm eV .

(b) finite detector spatial resolution (AXp ~ 150um)
Ecosop

SEp = —— AXp = 0.27 eV .
20

(c) Crystal resolving power (Rc ~ 8000)
SEc = (E/Rg) = 0.19 ev .

(d) Natural (Lorentizian shaped) atomic line widths (0.43 eV) and

Kaj,ay separation (0.43 eV) 8Ep = 0.75 eV .

One of the most distinctive features of this instrument is its high collec-
tion efficiency. While the "speed" of a crystal spectrometer can be expressed
in several different ways, for estimates of count rates in a single line, the
total efficiency for detection of x-rays witnin a resolution width is probably
most useful. This can be defined as the ratio of the number of x-rays detected
within a resolution width (Iq) to the total number emitted (ltot). Assuming

isotropic emission this ratio is given by

Iq/Ttot = Rav(80/4m)Deff . (25)
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In eq. (25), Ray is the crystal reflectivity averaged over the crystal rocking
angle, AR is the product of the crystal height (in radians from the source) and
the opening angle corresponding to the angular total system resolution which can
be approximated as

he Sing  wgtwy

AR = . $ino (26)
o 2p

Here, wg is the width of the source and wq is the detector spatial resclution
width, 1In our instrument, the crystal rocking angle we is usually insignifi-
cant. Deff is the detector efficiency including window absorption. For a 10 cm
high quartz(1011) crystal, 250 um wide source, 150 um detector resolution, and
at 2.3 keV, where the detection efficiency is estimated to be 35%, the calcu-
lated efficiency per resolution width is about 2 x 10-°, The 10 cm long PSPC
simultaneously intercepts over 300 resolution widths,

The spectrometer efficiency can vary significantly (even within a handwidth)
if the crystal reflectivity or detector efficiency changes with position due to
imperfections. With our instrument, the portions of the crystal and detector
being used to detect a particular energy x-ray can be varied in a controlled
way, so that the relative instrumental efficiency as a function of x-ray energy

can be measured directly as described in the next section.

III. B, Special Operational Considerations

III.B.1. Corrections for Crystal and Detector Efficiency Variations.

There are several subtle effects in the operation of a von Hamos geometry
spectrometer which can significantly affect the acquired spectra. As with all
wavelength dispersive instruments, spectral data must be interpreted cautiously
in regions near strong reflectivity changes, e.g., near absorption edges espe-
cially those of the elements composing the crystal. In practice, care is taken

to avoid known regions of rapid reflectivity variation, and data are corrected
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by dividing the raw spectra by measured or calculated crystal integrated reflec-
tivity as a function of Bragg angle. Detector efficiency may also vary substan-
tially with energy near absorption edges. As an example, calculated detection
efficiency as a function of x-ray energy is shown in fig. 24a for a 1 cm deep
PSPC using P10 gas at 1, 2, and 3 atmospheres pressure, The window is 0.5 mil
mylar., The drastic jump in efficiency is due to the Ar K edge at 3.203 keV., A

similar plot for 90% Xe, 10% CHy is shown in fig. 24b.

In the position-sensitive von Hamos geometry, different x-ray energies are
diffracted and focused at different points along the crystal and detected at
different points along the PSPC axis. Localized anomalies in either the crystal
or detector can therefore have severe effects on the observed data. Variations
in crystal reflectivity along its length result in distortions in measured
spectral intensity. Variations in detector counting efficiency along its active
length result in intensity distortions as well, Focusing effects can also pro-
duce a modulation in the collected x-ray fraction as a function of Bragg angle
and hence energy. Both spectral position and intensity can be distorted by

these effects.

An important consequence of crystal and/or detector variations is the strong
effect that source position instability can have on spectral data variations.
One might expect a shift in source position to lead to a simple shift in
spectral position without intensity distortion. However, since the position of
the x-ray source determines which specific portions of the crystal and detector
will be used 1n'diffracting, focusing, and detecting the x-rays, small changes
in the source position can have significant impact on the weasured spectral
intensity profiles when the crystal or detector have strong localized imperfec-

tions.
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Fig. 24. Calculated detection efficiency including window absorption
for {a) P10 (90% Ar, 10% CH,) and (b) 90% Xe + 10% CH, gases at 1, 2,
and 3 atmospheres pressure. The window is 1/2 mil Mylar, The efficiency
increases with gas pressure.
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To characterize the distorting properties of defects in the crystal and
detector, we have studied their independent effects on a narrow x-ray line as a
function of position in the wavelength dispersing plane. The characterization
procedure for the detector is straightforward. Using an x-ray peak such as Al

K produced by electron impact on a metallic target as the source, the detec-

al,2
tor is scanned uniformly along its mounting track, i.e., along the axis of the
fixed, curved crystal. X-rays are counted in equal time intervals as the detec-
tor is translated. A spectrum of x-ray counts versus detector position is
obtained which depicts the relative efficiency for collecting this energy x-ray
as a function of detected position (which can be used for subsequent correction

of data). Figure 25 displays Al X x-ray PSPC counts versus detected posi-

al,2

tion,

DETECTOR
| PBSITION RESPONSE
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s
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Fig. 25, Measured Al X, count rate versus detector position for
5 keV electrons on aluminum métal. Crystal used was ADP(101),
2d = 10.648A.
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Characterization of the crystal proceeds in the same general fashion. A
narrow line or peak is set to be counted near the center of the detector.
Electronic upper- and lower-level discriminators are set at the FWHM points on the
detected peak. The crystal is then uniformly scanned along its mounting track,
i.e., parallel to its cylindrical axis, and x-rays are stored in multi-channel-
scaling mode as the crystal is translated. The resulting curve contains effects
of both changing collection/focusing efficiency along the crystal and distortion
along the crystal straight edge directjon which results in translation of the
diffracted x-ray peak on the detector. A second crystal translation scan is taken
in exactly the same manner except with much wider discriminator settings, These
data exhibit only the focusing and gross reflectivity variations along the crystal
axis., Differences in these two curves represent the non-planar distortions in the
crystal which result in energy-dependent line shifting and therefore 1imit the
confidence with which measured energies can be made. Figures 26 and 27 show
characterization data collected for three typical commercial crystals, two ADP

(one of good and one of poor quality) and one quartz crystal.

I11.B.2. Doppler Effects for x-rays Emitted from Fast Projectiles,

Intensities and energies of x-rays arising from few-electron heavy ions are
of fundamental interest. Preparation of these ions normally involves accelera-
tion to high energies and subsequent stripping in thin targets to achieve the
required high charge states. Observation in the laboratory of x-rays emitted
from the moving ions results in unavoidable Doppler shifting and broadening.
Measurements are often made on x-rays emitted in a direction normal to the beam
velocity to minimize the shiffs, The spectrometer described here sacrifices
absolute energy determination Somewhat but achieves low Doppler broadening and
high efficiency by collecting projectile x~rays with large but nearly constant
Doppler shifts., The geometric relationship between the Doppler and Bragg angles

(6p and og) in the lab frame is shown in fig. 28. MWhen the cylindrical crystal
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Fig. 26. Measured ADP(101) crystal relative efficiency versus posi-
tion for electron-excited aluminum Ko X-rays. Data for two crystals
from the same manufacturer are shown, The crystal characterized by the
upper curve showed signs of separating from its mounting block.

axis is oriented exactly normal to the ion beam velocity vector Bc (c is the

velocity of light),
cos 8p = sin g coS y . (27)

The relativistic Doppler relationl? between projectile and laboratory frame

x-ray energies (Ep and E|, respectively) can be expressed as

EL = Ep/[y (1 - 8 cos ep)] , (28)
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Fig. 27. Measured quartz (1011) crystal relative efficiency versus
position for electron-excited molybdenum L, x-rays.

where y = 1/¢1_B . When combined with eqs. (27) and (1) (the Bragg relation),

the lab frame x-ray energy is given by

EL = (Ep/y) * Cg 8 cos y ; Cg = 12.398/2d(A) . (29)

The sign of the second term depends on the direction of g, being negative for
the case shown in fig. 28 where % is directed away from the crystal, For a 10
cm high crystal p varies from 0° at the center to ypax = 11° at the crystal
edge. This leads to a broadening and shifting of line energies such that the

Doppler induced width 6Ep and centroid energy <E|> observed in the lab frame are

given by
8Ep = Cg B8 (1 - cOS Ypax) » (30)
and <E;> = (Ep/y) * [Cg B(1 - coS Ymax)/2] » (31)
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ORNL. DWG 86-14215

Fig. 28. Schematic showing geometric relationship between the
laboratory frame Doppler angle 8p and the Bragg angle 6g. The velocity
vector of the projectile is 8. The angle y varies from 0° (at the
crystal center§ to *Ppax = 11.3° for a 10 cm high crystal of radius
?25.4 om.,
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The measured energy and resolution are only weakly dependent on ypax and the
broadening is therefore relatively small even for large area {i.e.,, fast)
crystals, As an example, a spectrum of silicon X-rays emitted from 2.6 MeV/u Si
ions passing through a 5 ug/cm? carbon foil is shown in fig. 29. Silicon Lyman
o, and a, separated by 1.8 eV are clearly resolved (see expanded fig. 30).
Several lines from doubly-excited He-like Si are also identified there according
to tabulated energies,l3 By limiting the crystal height to 7 cm (ypmax = 7.8°),
the overall energy resolution including Doppler broadening (~ 1 eV) has been
held to < 1.5 eV at 2.14 keV while the high efficiency of the system has been
retained. If the same height crystal were oriented in a configuration to

collect X-rays emitted about a normal to the beam, the resulting Doppler spread

would amount to > 40 eV.

II1. C. Sample Data

Quir principle gnal in development of this spectrometer was to produce an
instrument with sufficient resolution and bandwidth to permit us to efficiently
measure chemically dependent spectral variations in heavy-ion induced satellite
x~rays, In this section we present data exemplifying the utility of this
spectrometer in studying these chemical effects, as well as in a variety of
other areas. Descriptions of the data displayed (see Figs. 29-38) along with
the relevant spectrometer operating conditions are given in the corresponding

figure captions,
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Fig. 29. X-ray spectra from 2.6 MeV/u si9 ions excited in passing
through a 5ug/cm? thick carbon foil. A quartz (1011) crystal was used
with the spectrometer mounted such that the Si projectiles moved toward
the crystal, i.e., + sign in egs. (29) and (31). The outer 2.5 cm on
each side of the crystal was masked so that ypay was limited to +7.8°.
Energy scale shown is for the laboratory frame.
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generated in the carbon foil.
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Fig. 31. Comparison of Aluminum X X rays generated by 5 keV
e~ impact for aluminum metal and aluminum oxide targets. Note the
difference in the relative intensity of the ag line with respect to
ay. The instrumental energy resolution here is 0.8 eV as determined
from convolution of known w1 and az line widths and intensities with an
assumed Gaussian instrument function of variable width, The times
required to accumulate these spectra were 500 and 1000 seconds, respec-
tively. The crystal used was ADP(101) in first order.
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Fig. 32. Sulfur K x-ray spectra generated by 36 MeV C1°* ions
incident on five different sulfur compounds. These data were acquired
in about 1 hour per spectrum u51ng 80 nAg incident ion current. The
crystal used was quartz(1011) in first order. Vertical scales are
zero-offset and linear.
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Fig. 33. Aluminum K X rays excited by 84 MeV Sil2* jons illustrating
the importance of broad bandwidth for study of heavy ion generated
X rays. The displayed spectrum extends from 1380 eV to 1750 eV and
includes: low energy structures (labeled RAE/RER), K,L" satellites, the
K absorption edge, Ka?-Ln hypersatellites, and KBLn satellites. This
spectrum was made by joining two separate spectra at the Al K edge. Ion
current was 20 nAp and total time required to accumulate the data was
2000 sec. Crystal used was ADP(101) in first order,
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Fig. 34. Higher energies can be reached using diffraction orders
greater than one, Crystal reflectivity is reduced, but for relatively
intense emission the present instrument's good collection efficiency
allows measurement in reasonable times, Displayed here are titanium
K satellite and hypersatellite X rays generated by 84 MeVy S5il2* jons on
a thick titanium metal target. TIon current was 25 nAp and the time
required to accumulate spectrum was 2400 sec. Crystal used was
quartz(10T1) in second order.
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Fig. 35. Even higher energies may be reached using increased
diffraction orders, Shown here are manganese K, X rays generated by
84 MeY Sil2t ions on a thick manganese metal target. The characteristic
lines a; and ap occur at 5.9 ke¥. [Ion current was 8 nAg and time

required to accumulate this spectrum was 800 sec.
ADP(101) in fourth order.
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Fig. 36. Molybdenum L satellite spectrum from a molybdenum-titanium
alloy excited by 84 MeV S$il2* jons. The time required for acquisition
of this data using 20 nAo of Sil2* jons on a thick target was about 2800
seconds, The crystal used was quartz(1011) in first order., The bottom
spectrum is Mo L X rays generated by 5 keV e~ impact, It was used for
energy calibration.
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Fig. 37. Flat crystals can also be used, hut at a great cost in
efficiency. The time reguired to acquire data for weak spectral
features becomes excessive. Displayed here are iron KyL", K,%L", and
K81 X rays generated by 126 MeV Cu’% ions on a thick iron target. Ion
current was 120 nAp and the time required to accumulate this spectrum
was 24,000 sec. Crystal used was a flat Si(100) in fourth order,
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Fig. 38. The highest energy X rays studied to date with this instru-
ment are at 7.5 keV. Displayed here are nickel K,L" X rays generated by
126 MeV Cu’* ions on a thick nickel target. The K «, and a, occur at
7.460 and 7.477 keV, respectively. Ion current was QOO nAe and the time
required to accumulate this spectrum was 2400 sec, Crystal used was a
flat Si(100) in fourth order.
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Appendix A. Calculation of Images in Geometry 1

Figure 3 shows the point source S = (0, ys, zg), the point of incidence
R = (xR, YRs ZR)s and the coordinate axes. The reflected ray from R to P lies
in the plane defined by S, R, and 0' since the ray RQ' is normal to the crystal
at R (fig. 4a). Define A to be the projection of S into the plane x = xg, and

B to be the projection of A onto the line RO'; these points have coordinates

>
il

(XRs ¥S» Z§)
and B = (xR, yB» ) -

Since SA is parallel to the x-axis, the plane SAB is normal to the plane

x = xgp; hence SA is normal to AB, SB is normal to BR, and AB 1is normal to BR
(fig. 4a). Construct RR' in the plane SRO' so that SB is parallel to RR' and R’
Tines in the x = 0 plane, and define S' = (xg', y§', zg') as the intersection of
RP with the plane x = 0. The procedure is to find the coordinates of A, B, and
R, allowing the coordinates of S' to be found. Then the image point P =

(xp, yp, zp) can be found using the relation

P Yp - ¥Yst_ 4p - 2§t (A2)
XR YR -~ YS! R - Z5!

By fig. 4b, whenever y # 0, yg and zg satisfy
YB = - Zp cotyp ,
and yg = Zg tany + yg - zg tany , (A3)

which follow from the equations of Tine RO' and the normal to RO' through A.

By solving tnis system, we have



zg = (zg tany - yg)/(tany + coty) , (A4)
and yp = -zg coty .

For y = 0, we clearly have
zg = 0, and yp = ys , (A5)

From figs. 4a and 4b,

| AB| 2 = (ys - yg)2 + (zs - z3)% , (A6)
| PB] 2 = xp2 +| AB| 2,
I BR| 2 = (yg + o cosy)2 + (zp - o Siny)? ,

and coteg =| PB| /| BR| .

Equations (A6) combine to give
xg = (| BR| ? cot?ep - | AB| 2)1/2 (A7)

as the x-coordinate of the point of incidence. By figs. 4a~-c we have

EXINEINT
cosy = (ys - yst)/2| BR| (A8)
and siny = (zg' - zs)/2| BR| ,

which gives us

yst = ys - 2| BR{ cosy , (A9)

W

and zgt = zg + 2| BR' siny .
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The coordinates of R and S' are, summarizing (A7) and (A9),

xg = (| BR| 2 cot?eg - | AB| 2)1/2 (A10)
YR = -p cOSY ,

Zp = p siny ,

xg' =0,

il

ys' ys - 2, BR' cosy ,

1}

and  zg' = zg + 2| BR| siny .

Employing (A2), the image point P = (xp, yp, zp) in the y = 0 plane has

coordinates

xp = xR ys'/(ys' - ¥r) » (A11)
yp=0,
and zp = (zp - z§') ys'/{ys' - yRr) .

Substituting in (Al0) we have

(| BR] % cot?ep - | AB|2)1/2 (yg - 2| BR] cosy) (A12)
Xp = (ys + o cosp - 2| BR| cosy)

H

yp=0,

(p siny - 2| BR| siny - zg)(ys - 2| BR| cosy)
(ys *+ p cosy - 2| BR| cosy)

and Zp =
+ zg + 2' BR, siny ,

where from (A4) and (A6) for v # 0,

Hl

zg = (zg tany - ys)/(tany + coty) , (A13)

| 8|

i

((ys + z coty)? + (z5 - z)2)1/2 ,
and | BR| = ((p cosy - zg coty)2 + (zg - o siny)2)1/2 |
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Vector analysis may also be emp]oyed14 to obtain the coordinates of the image
+ >
point P, Let S denote the vector to the source point, R the point of

> > >
incidence on the crystal, N the unit normal to the crystal at R, Q the reflected

+> > > >
ray, and P the image point. The unit incident ray is R—S/I R-S 1, and the
Bragg angle is given by
> >
sinog = N-(R-S)/ | R-S] . (A14)
The unit reflected ray is given by
> > > > > . >
Q= (R-S)/ | R-S| + 2 sinog N, (A15)
and thus the image point can be expressed as
> > ¥
P(B) = R +38Q , (Al6)

>
where g8 is a parameter chosen to allow P to lie in the desired detector plane,

Employing
>
S = (0, MY ZS) ’ (A17)
>
R = (xp, -p cOSY, p siny) ,
hd
and N = (0, cosy, -siny) ,

> >
and using (A14) to solve for xg and | R-S| :

xg = (((zs siny - ys cosy - p)/singy)?
-(p? + ys? + 25% + 20 (ys cosy - zg sing))) /2, (A18)
and | E«gl = (zg siny - ys cosp - p)/sinby .

It follows from (Al5) and (Al8) that
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> >
XQ:XR/‘R'S, s
> > .
yq = ~(p cosy + ys)/ | R-S |+ 2 sinog cosy , (A19)
> >
and 2g = (p siny - z5)/ | R-S| - 2 sinay siny .

Finally, (A16) gives us

> >
xp (1 +8/|R-S|) ,

Xp =
Yp = -p COSY + B yqQ » (A20)
and Zp = p Siny + B zg .

> >
Choosing 8 = p cosy/(2 sindy cosy - (p cosy + ¥s)/ | R-S|)) gives us yp = 0, and
>
hence P lies in the detector plane. The result (A20) can be shown to agree

numerically with the previous solution (Al2).
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Appendix B. Calculation of Images in Geometry 2

Using the method found in Appendix A, we may calculate the image point P =
(xp, ¥ps zp) from the source S = (0, ys, zg) by finding the intersection of the ray
S'R with the detector plane defined by eq. (11). Once again the coordinates of
R and S' are given by (A10), and the ray S'R defined by (A2). Solving this

system

it

y = -x cotége + 2 p cot?epc , (B1)

and  XP . YP-¥S' L 72 - 7

———n

XR YR - ¥s' zp - zg'

gives the result

xp = (2 p cot?epc - ys')/((yr - ¥s')/xg + cotege) , (B2)
yp = -xp cotogc + 2 p cot?epc ,
and zp = xp (zZg - z5')/xp + z5' .

Substituting in (A10), this becomes

xp = 2 p cot?epp + 2’ BRI cosy - yg
(ZT BR] cosy - p Cosy - yg)/xg + cotoge

it

Yp = -Xxp cotége + 2 p Cdtzegc s

and zp = xp (p siny - 2| BR| siny - zg)/xg + z5 + 2| BR| siny .
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Appendix C. Detector Location in Geometry 3

Figure 11b gives the point and angles necessary to calculate the detector

location in Geometry 3 by the method described in Section II.4: the Lensmaker's

Law shows that a partial focus of the source point Q = (0, ysg, 0), the center

of the slit, occurs at the intersection of rays R3 and R4.

a are given by eq. (15), and N = (xy, ¥Ns 0) has coordinates

and

The

and

and

for

and

The

and

XN = x¢ t+ p Sina ,

yN = o (cosa - 1)
angle g is given by
B = atan((yso ~ yN)/XN) >
the point S' = (0, ys', zg') in the source plane has coordinates
¥s' = xc tan (a - o) -0 »
zg' =0,
the case when ¢y = 0. Rays R3 and R4 thus have equations
R3 : y = (x - x¢) tany - p ,
R4 @y = -x tang + ys(Q .
intersection gives us the coordinates of D = (xp, yp, 0):
xp = (yso + p + x¢ tany)/(tany + (yso - ¥N)/xn) »
yp = tany (xp - x¢) - o .

The angles o6pc and

(C1)

(C2)

(C4)
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When the slit is correctly aligned, ygg is equal to zero and (C5) reduces to

(p + x¢ tany)/(tany - yN/Xn) » (C6)

XD

and yp = tany (xp - x¢) - o &

This is the location of the detector center, dependent upon ysg, 8¢, e, and

xc. The orientation is normal to ray R3.
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Appendix D, Calculation of Images in Geometry 3

The coordinate transformation described in Sect. II.4 is shown in
fig. 12a-b. MWe will examine the transformation of four points: the source
point S = (0, ys, zg); the slit center Q = (0, ysg, 0); and the detector
center D = {xp, yp, 0); and the crystal center C = (x¢, -p, 0). We first

translate to a coordinate system with origin at C, and then perform a

clockwise rotation through the angle « given by eq. (12). The points have new

coordinates

S = (-x¢ cosa - {ys + p) sina, -x¢ sina + (ys + p) cosa, z5) ,
Q = {-x¢ cosa - (yg + p) sina, -xc Sina + (ygo + p) coSa, 0) ,
D = ((xp - x¢) cosa - (yp + o) sina ,
(xp - x¢) sina + (yp + p) coSa, 0) ,
and C = (0, 0, 0) .

(D1)

Translating to a coordinate system in which S has an x-component equal to zero

(and is thus in the "source plane"), we have

S = (0, ysp» 25) >
Q = (xsor»> ¥SORs O) »
D = (xpr> YpR> O) >
and  C = (xcrs, -p» 0) .
where
YSR = -x¢ Sina + (yg + p) cosa - p ,
xsoR = (¥s - ¥so) sina ,
YSOR = -x¢ Sina + (ysp + p) COSa - p ,
XpR = Xp c0Sa + (ys - yp) sina ,
¥Yor = (xp - x¢) sina + (yp + o) cosa ~ p ,

and xcp = x¢ cosa + (ys + p) sina .
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Now the x-axis is the axis of revolution of the crystal, the point source S lies

in the x = 0 plane, and the slit center Q is off of the source plane,

We have

transformed the coordinates so that the source and crystal are in the con-

figuration of Geometry 2, and the new detector plane is given by

Y - ¥pr = -(x - xpRr) cotegc .

(D4)

The coordinates of R and $' are found by replacing yg by ysp in (A4), (A6), and

(A10) to get

XR
YR

R

XS

Ys

and zg

For ¢ 20

78
| A8 |

and | BR|

and for

7B
| A8 |

and | BR |

§

]

(| BR| 2 cot2ep - | AB| 2)1/2 (05)
-p COSY
p siny ,
0,
YSR - 2' BRI cosy ,
zg + 2| BR| siny .
(zg tany - ysp)/(tany + coty) , (D6)
((ysp + zg cotp)? + (z5 - zp)?)1/2
((p cosy - zg coty)? + (zg - p siny)2)1/2 |
0
0, (07)
g ,

YSR t o
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The ray S'R is again given by (A2). The intersection of this ray with the
plane of the detector gives the system
Yp - ¥R = -(xp - Xpr) coté p¢ , (D8)

and  XP -YP-Y¥s' . 7p - zg
XR YR - ¥s' R - zg'

which has the solution

xp = {xpr - ys' + xpr cotégc)/(cotége + (YR - ys')/xR) » (D9)
yp = -(xp - xpR) cotépg + YpR ,
and zp = xp (zp - z5')/xp + zg' .

Inserting (D5) we get

_ XDR - YSR + 2{ BRI cosy + XpR cotepe s (D1D)

Xp Tye -
¥s - ysp + 2| BR] cosy)/xg + cotépg

yp = -(xp - XpR) COt8RC + YOR »
and zp = xp (p siny - zg ~ 2| BR| siny)/xg + z5 + 2| BR| siny .
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Appendix E. Computer Programs for Image Calculations and Analysis

Listings of the following programs are given, along with sample output. The
programs are written in FORTRAN VIID on a Perkin-Elmer system.
1. MOSY.FTN: calculates images of the line sSources on the detector

in Geometry 2.

2. Input (entered interactively):
xmin = 0,00 cm
xmax = 0.005 cm
zmin = -0.75 cm
zmax = 0,75 cm
p = 25.4 ctm
o = 32.42°
g = 12.0°
H= 0.5 c¢m
ys = 0.0 mm
xg = 40.0 cm

The output contains listing of all (441) image points P(y) if "LIST" is entered

at line 2, in addition to the figure shown.

2. ROTO.FTN: calculates images of line sources on the detector in
Geometry 3,
Input:
~-0.01 cm

1§

xmin
xmax = 0.03 cm
zmin = 1,25 cm

1.25 cm

I}

Zmax
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p = 25.4 cm

Xc = 40.0 cm

Cl{crystal length) = 10.16 cm

Vo = 12.0°

ymin,ymax (top and bottom of rectangular slit) = -0,015 cm,
0,015 cm

¥s = 0.0 cm

smin,bmax (desired Bragg angle range) = 30.0°, 40.0°

0 = 35.0°

The output is again an optional image point listing and the figure shown

(identical to fig. 16¢c).

3. EFFIGY.FTN: graphs Af vs 6p and Ffy vs 8 for a rectangular slit
source in Geometry 2, for a Bragg angle range Afp

striking the crystal.

Input:

p = 25.4 cm
Yo = 12.0°

H = 0.5 cm

2d = 6.6874
CL = 10.16 cm

DL (detector length) = 10.0 cm
ymin,ymax = -0.015 cm, 0.015 cm

Eg1» Ego (desired energy range) = 2.0, 2.5 keV

The output Tlists the actual Bragg angle and energy range reaching the crystal, a
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listing of 11 values of 6g, Af, and Fry, and plots of Af vs 6y and Fg¢y, vs 03.

4.

REFUGEE.FTN: graphs Ag vs 6 and Fgy vs 6 for a rectangular slit
source in Geometry 3, for a Bragg angle range Afp

striking the crystal.

Input:

p = 25.4 cm
xc = 30.0 om
Vo = 12.0°
H=0,5cm

2d = 6.687R
CL = 10.16 cm
DL = 10.0 cm

ymin,ymax = -0.015, 0.015 cm

Eg1sEoz = 2.0, 2.5 keV

The output is similar to that of EFFIGY.FTN.

5.

FISHY,FTN: graphs intensity vs £ in Geometry 2 for a rectangular slit

source in Geometry 2 for one Bragg angle 6g striking the

crystal.
Input:
p = 25.4 cm
g = 12.0°
H=0.5cm
2d = 6.687A
CL = 10.16 cm
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ymin,ymax = -0.015, 0.015 cm
61, 6, (desired Bragg angle range) = 29,.0°, 35.0°

9g (Bragg angle to be considered) = 29.4°

The output gives the actual Bragg angle and energy range reaching the crystal, a
Tist of number of image points N(I)} vs position on crystal XB(1), and a plot of

N(I) vs XB(I).

6. FISHROT.FTN: graphs intensity vs £ for a rectangular slit source in

Geometry 3, for one Bragg angle op striking the

crystal,
Input:
o = 25.4 cm
x¢ = 40,0 cm
Yo = 12.0°
H = 0.5 cm
2d = 6.6874
CL = 10.16 cm

ymin,ymax = -0.015, 0.015 cm
61, 62 = 30.0°, 40.0°

g = 35.0°

The output is similar to FISHY.FTN.

lListings and sample output for the above six programs follow.
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FILE @ MCSY.FTN 11:30 20 ¥aq 85

MCSY.FTN

AAE KA AR R RN R R AR AR AR R NN AR A RN KRR R R R R AR AR RN RE RN AR R AR R AR R AR AR AR R AR
THIS PRCGRAM CALCULATES IMAGES IN THE PLANE CF THE
DETECTOR IN THE CONFIGURATICN OF GEOMETRY 2.

AR AR A AR R R RN R R R AR R R KR AR AR AN AR AR RA R AR R KRR KA R RN AR RN RRAR R RR AR A RN AR
DIMENSION X{(21),2(21),SCALEX(2),SCALEZ(D)
CCMMCN/XXX/ XX(21,21),22C21,21)

PI=2.0*ASIN(1.0)

WRITE(S,*)'TYPE "LIST"™ FCR FULL LISTING-.END TC END,OF RETLRN'
PEAD(3,S)IPLOF

FORMAT(AG)

IFCIFLOF.EQ."END ') CALL EXIT(O)

WRITE(S,*)"ENTER X=MIN,X-¥AX,Z-MIN,Z-MAX (CM)} FOR PLCTTING®
FEAD(3,#)SCALEX,SCALEZ

WRITE(S,*) "ENTER RHO (RADIUS CF CURVATUYRE OF CRYSTAL IN CM.)*
READ(3,%)RHO

WRITE(S,*)'SENTER THETAR (3RAGS ANGLE IN DEGREES)®
FEAD(3,*)THETAE1

THETAB=THETAB1+«PI/187,0

WRITE(S,*)*ENTER PSIMAX (KALF-SECTOR MAX ANGLE OF XTAL (DEG))'
READ(2,*)PSI¥AX1

FSIMAX=PSIMAX12P1/13C.0

WRITE(S,*)'ENTER KALF=SLTIT LENGTH H IN (M.

READ (3, %)H

WRITE(S, %) 'ENTER Y-AXIS TRANSLATICN IN MY4®

READ(3,*)SHIFT1

SEIFT=0.1*SHIFT1

WRITE(S,*)"ENTER XC (COORDINATE CF CRYSTAL CENTER) IN CM,!
READ(3,*)X(C

THETAEBC=ATANCRHO/XC)

Ak AN Ak A A r Ak kA h kR A AR AR A A I AR AR TR R R A AR AR R AR AR A AR R R hhbok
CALCLLATICN CF I™AGE DISTRIEBUTION

s = PCINT ON SCURCE SLIT,ZI-COCRDINATE

YS = PCINT ON SNUGCE SLIT,Y-CCCRDINATE

AAARARRE AR R AN IR R AR AARARER AR A AR AR ART RN AR TA RN AR AR AR R AR N AR
cC 1CC J=1,21

1S=2.C*4*FLOAT(J=1)/2C.0-H

YS=SFIFT

CALL IMDSTRZ(RHO,,THETAD,FSIMAXAXeZ,YS,2S,THETARC)

ce 25 I=1.,21

XXLIAdd)=x (D)

22C1,0)=2(1)

CCNTIANUE

IFCIFLOF.NEL'LIST!) &2 TC 102

WRITE(6,SCIRMC,THETAET

WRITE(S,230)H

FORMATC(IH ,4X,'H=',F12.6,2X,'CHM" /)

WRITE(S,4C)SHIFT*172,C

FCRMATC(1H ! Y-AX1S TRANSLATICN IN MM =',f7.3/)

FCRMATCIH +/7,5X,"X-TAL RADIUS OF CURVATURE =',F5.2,2X,'CP.",
8 SX,*SRAGG ANGLE =',FE6.2,2X,'DEGREES'/)

WRITE(6.,6C)

FCRMATC(IH 214X, X=",14X,'2=")
WRITECH,70)(X(K)*1 E&,2(KI*T . EL,K=1,21)

FORMATCIH ,2F16.4)

100 CCONTINUE
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2C

25

30

78

CALL PPLCT(SCALEX,SCALEZ)

WRITE(6,300)]HC
FCRMAT(1H ,'RHC =',Fé.2,' (M%)

WRITE(6,3CT)THETAE
FCRMAT(1H ,"THETAB = ',F&.2,' DECGREES'")

WRITE(6,3C2)PSIMAX]
FCRMAT(TH ,'PSIMAX = ',Fé.2," DEGREES")

WRITE(6,303)H
FCRMAT(IH ,'H = ',F6.2,' (M')

WRITE(6,305)SHIFT
FCPMAT(TH ,'Y-TRANSLATION = ',F7.3,' Mw*;

WRITE(E,210)
FORMAT (1H1)
GC TC 2

ENC

SUBRCUTINE IMOSTRE(RMO,THETAR,PSIVMAX,X,2,YS,21S,THETAED)
CIMENSICN X(217,2(21)

tc 3C I=1,21

FSIVAR=PSIMAX*(1,.(-2.C*(FLCAT(I=-1))/2C.0)

T1=SIN(PSIVAR)
T2=CC5(PSIVA?)
S=SINCTHETAE)
TE=CCS(THETAR)
17=TE/TS
TE=T1/72

INCTHETAZC)
CS(THETAGRC)
¢/81

w»

iHou n

1
<
2

IF(PSIvAar £2.C.0) €0 T2

ny

.

I5=12/71

IE=(IS*T8-YS)/(T2+7T9)
RE=SCRT{(YSHTGHZB)##2+ (215~78)w42)
ES=SGRT((RYONT2=I34TS) *a2+(IK-RHC*xT1)*x*2)
¢CC TC 25

AE=2S
ES=RKC+YS

XSIGLRT(T7*%x2*BS*n2-A3%%?)
CD=YS~(2+BST2)
EE=C(RHO*T2+DD)/(=X5))+57
XC=(ST**x2*RHO*2~DD)/EE

X(I)=(XD=2*RHO*ST)/(-51)
TCI)=((XD¥(RHO*TT1-2%ES*T1-2S))/XS)+2+BS*T1+2§

€0 TC 30
CCNTINUE

RETURN
END
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144
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
130
181
182
183
134
185
134
187
128
189
190
191
192
193
194

80
10C

11¢

130
140

79

SUBRCUTINE PPLOT(SCALEX,SCALEZ)
CCMMON/ XXX/ XX(€21,21),22(21,21)
INTECERA4 IWD(25,100)

CIMENSION SCALEX(2),SCALEZ(2)

cc 2C J=1,100
00 1C I=1,25
IwD(I,J)=4H
CONTINUE
CCNTINUE

EX=9G.07(SCALEX(2)-SCALEX(1))
EZ=99.C/(SCALEZ(2)-SCALEZ(1))

AX=1,C-BXASCALEX(D)
AZ=1.0-8Z*SCALEZ (1)

bC 1C0 4=1,21
tec 8C I=1,2%

IC=A2+BZ*2Z(1,4)+0.5
JL=AX+#BX*XX(1,3)+C.S

IFC(IC.LT.T) IC=1
IF(IC.6T.100) I¢=100
IFCILL.LT.TD JL=1
IFCJLLGTL1C0) JL=100

CALL ISBYTE(Y'2A',IWO(1,3L),IC-1)

CCNIINUE
CONTINUE

WRITE(6,110)
FCRMAT(1h1)
WRITE(S,120)
FCRMATC(IH »1X,25('=--=-1"))

tC 140 4=1,1CC
WRITE(S,130)(TwD(I,4),121,25)
FCRMATCIH ,'!1',2584,''")
CCNTINUE

WRITE(6,120)
WRITE(6,15C)ISCALEX,SCALEZ

FCRMAT(TH ,'"X-MIN,X=VAX,Z=MIN,I-FAX (L")

RETURN
END

YSJ4F10.4)
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Xx=TAL RADIUS CF CUPYLTURE =25.40 (M, BRAGE ANGLE = T2.62 DEGREES

k= 0.50C0 ¥

Y-AXIS TRANSLATICN IN ™% =  C.30°C

X = 1=

40,1355 4952,65793
+1.558% 4557.4100
43,2667 4361.99¢0
44,1206 5566,6020
45,8285 4971.3520
46,5671 4976.1560
©745364 4523.5922
48.E750 4955.6220
48,6597 4€50.2440
49,2443 4995.8320
49,2463 5300.8200
68,8597 57C5.8060
48.6597 $010.7972
48,1057 5015.7669
47,5324 5Ce0.7230
46.6¢71 S025.584C
45,8285 5030.4410
44.9745 5035.1990
43,2667 5039.9200
42.1281 5044.5660
39.8509 5049.1173%0

X=TAL RADIUS QOF CURVATURE =2%5,40 (M. 3RAGG ANGLE = 32.42 DEGREES

K= C.S5CC3 ™

Y-AXIS TRANSLATION [N ¥M = C.00C

X= l=

35.581¢ 4661.344)
3¢.4351 46€4,.5770
37.5737 “4868.7540
39.281¢ 44672,4053
40,1255 476,460
40,6895 £632.3980
61.2741 4686L,2670
4246574 4638.41C0
42,6974 4452,661)
82,4127 4474.5510
«2.6320 4€00.441C
426974 45C4.7273
L2 €574 45G8.23¢)D
42,4127 4512.23685
«1.5588 §516,.5410
¢0.9395 452C.957¢C
39,8509 4524.9533
38.59¢69 6529,35°7
38,1420 $832.46%9
34,7198 G6S36, 673D
15.C0119 450,202
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FILE :. RCTO.FTN 11:30 20 ¥AR 85

ROTO.FTN

ERA kA R AR R R R R AR AR R AR RN R R R A AR R R AN AR AR AR R R LG R AR TR KRR R R AR
THIS PROGRAM CALCULATES IMAGES IN THE PLANE OF THE DETECTOR

IN GEOMETRY 3: PRCTATION OF THE CRYSTAL IS EMPLOYED TO ALTER
THE ERAGC ANGLE FRANGE.

AR R R ARRARR AR R AR A AR R RA R AR R AN RN A AR AN A AR R TR R TR AR RARR R ARA N AR

CIMENSION X(21),2(21),SCALEX(2),SCALEZ(2)
COMMCN/ XXX/ XX(21,21),12(21,21)
F1=2.0%ASINC(C1.0)

WRITE(S,*)'TYPE "LIST" FCR FULL LISTING - OTHERWISE, RETURN'
READ(3,S5)IPLOF

FCRMAT(AL)

IFCIFLOFLEQ.'END *) CALL EXIT(Q)

WRITE(S,*) ENTER X=MIN,X-NMAX,Z=MIN,Z-MAX (CM) FOR PLCTTING’
READ(3,*)SCALEX,SCALEZ

WRITE(S,*x)'ENTER RHO (RADIUS OF CURVATURE OF CRYSTAL IN C¥,)'
READ(3,*)RHD

WRITE(S,*)"ENTER XC (COORDINATE CF CRYSTAL CENTER) IN CH.,'®
READ(3, %) XxC

WRITE(S,*)"ENTER CL (CRYSTAL LENGTH) IN CM.'
READ(2,%x)CL

WRITE(5,*)"ENTER PSIYAX (HALF-SECTOR ANGLE) IN DEG.'
READ (3, %x)PSIVMAXY
FSIMAX=PSIMAX1+PI/18C.C

WRITE(S,*)"ENTER YMIN,Y=-NAX(CCORD. OF SLIT)IN CM,"
READ(Z, #)YMIN,YMAX

WRITE(S,*)'ENTER Y-AXIS TRANSLATICN OF SLIT IN CM,!
READ(2,%)YS

IFCCYS.GELYMIN) . ANDLC(YS.LE.YMAX)) GO TO 8
WRITE(S,*)'Y=-a4X]IS TRANSLATION INCOMPATISBLE WITH YMIN,Y"AX®
€Cc 1C 6

WRITE(S,*)'ENTER DESIRED BRAGG ANGLE RANGE IN DEG.'
READ(3,#) THETAMINT, THETAYAX1
THETAMIN=THETAMINT*PT1/13C.0
THETAMAX=THETAMAXT*P1/18C.0C

THETABC=(THETAMAX+THETAMIN)/2.D
THETABC1=THETABL«1R],.5/P1

YSO=C(YMIN+YMAX)/2,C
YSC = CENTER CF SLIT ALONG Y=AXIS wx=

ALPHAZATANC(SRO+YSC)/XC)-THETABC
ALPHA=ANGLE CFf RCTATION CF CRYSTAL k&

XCR=X=COCRDINATE CF CRYSTAL IN NON~RCTATED FRAME &
XCR=XC*{CSCALPHA)*(RHO+YSIXSINCALFHA)

YSR=(YS+RHO)I*CCSC(ALPHA)=XC*SINCALPHA)-RHO
YSOR=(YSC+RHO)*#CCOS(ALPHA)~XC2SIN(ALPHA)-RHO

XSOR=(YS=YSO)*SIN(ALPHA)

THETAT=ATAN((RHO*YSR)/(XCR-0.5+CL))
THETA2=ATAN((RHO+YSRI/(XCR*Q.5+CL))
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76
77
78
79
80
81
82
83
86
85
86
87
88
89
90
91
92
93
94

96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
13
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
138
136
137
138
139
140
141
142
143
144
145
146

[
C
9
C
C
C
[
C
C
C
o
C
c
C %%
C #*x
C
10
C
c
Cws D
[«
C
C
¢
C
C
c 12
C
C
c 14
o
C
C 16
o
4
¢ 18
[
25
C
30
40
50
60
70
¢
10C
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WRITE(S,*)"ENTER HALF-SLIT LENGTH H IN (M.'
READ(3,%)H

WRITE(S,#)'ENTER THETAB (BRAGG ANGLE) IN DEG.'
READ(3,*x)THETAB]
THETAR=THETAR1+PI/18C.C

IFC(THETAB.GELTHETA2) ,AND. (THETAB.LE.THETA1)) GO TO 10
WRITE(S5,*)"BRAGG ANGLE UNACCEPTABLE WITH CL,XC,AND RHC®
cC TC 9

A AR ANRR AR R AN RANNK R R AR A R AN AR ARA AR AR AR AR R R RN AR AR R RN RN RRRARKAR
CALCULATIQON OF IXAGE DISTRIBUTION

1S = POINT ON SCURCE SLIT,Z-CCCRDINATE

Ys = PCINT ON SGURCE SLIT,Y-CCCRDINATE

iﬁt**hﬁ#ﬁ*ﬁti'itiit*i“tﬁtitﬁkﬁktfﬁi***t*fi***ﬁt‘(ﬁiﬁtklttﬁﬂ*ﬁﬁik

XSCR=X~-COCRDINATE CF CENTER OF SLIT =«
YSCR=Y-COCRDINATE CF CENTER OF SLIT =+*

CH=ATANCCYSOR+RHC) / (XCR-XSOR))

ETECTCR LCCATION IN ROTATED AND NCN-RCTATED FRAMES =x+

CAMMA=THETAGC-ALPHA
CEN=((YSC+RHO-RHC*COSCALFFA) )/ (XCH+RHC*SINCALPHA))I+TANCGAVMA)

XD=(YSO+RHO+XCTANCGAMMAY) /DEN
YD=TANCGANMA) # (XD=XC)-RHC

XOR=XD*CCSCALPHAY+(YS~YD)*SIN(ALPHA)
YOR=(XD~XC)*SINCALTHA)+(9HO+YDI*COSC(ALPHA)~RHC

WRITE(6,12)THETAPC,CH,THETABCT,CH*180.0/P1,ALPHA+180.0/PI
FORMAT(1H ,5(FB8.4,2X)/)

WRITECO6,14)XD,YD,XOR,YOR
FCRMATIIH ,4(FR%.4,2X)/)

WRITE(6,16)YSCR,YSR
FCRMAT(IH ,2(F8.4,2X)/)

WRITE(6,18)THETAT%18C.0/F1,THETA2*18C.0/PI,GAMMAX180,0/P1
FCRMAT(IH ,3(FB.4,2X)/)

oC 1C0 J=1.,21

15=2.0*H~FLOAT(J~1)/20.0-H

CALL IMDSTRB(RHO,THETAB,FSIMAX,X,2,YSR,ZS,XDR-YDR,THETABC)

CC 25 I=1,21

XX(I,4)=X(1)

22(1,d)=2(1)

CCNTINUE

IFCIFPLOFLNEL'LISTY) G0 TC 100

WRITE(6,SCIRHC,THETARY
WRITEC6,30)H

FCRMATCIH ,6X,"4=",F12.4,2%,'CH 1)

WRITE(6,40)0YS

FORMAT(TH ' Y=AXIS TRANSLATICN OF SLIT IN (M= ",F7.3/)
FCRMATCIN ,/7,5%,"X-TAL RADIUS OF CURVATURE =',F5,2,2X,'CM."',
[ SXs'BRAGG ANCGLE =',F6.2,2X,"DEGREES'/)

WRITE(S,40)

FORMATC(IH »14X,'X=7,16X,"25")
WRITE(E,7C) (X(K)*T . E4,2(K)*1,E4,K=1,21)
FORMAT(1H ,2F16.4)

CONTINUE
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CALL PPLCT(SCALEX,SCALEZ)

WRITE(6,3COIRHC,XC,CL
ICC FCRMAT(TH »'RHO =',F£.2,"' CM,',2%X,'XC = ",Fb6.2,% C¥,",2X,
2 YL o= Y",F6.2," MY

WRITE(6,301)THETABT, THETABCT1,ALPHA®ISC,0/PT
01 FCRMAT(1H ,'THETAE = ',FR.4," DEG,"',2X,'THETABC = ',FB.4,
g ' DEG,'",2X,"ALPHA = ',FR,4," DEG'/)

WRITE(é,302)PSIMAXT, THETA2418C.0/PI,THETAT1%18C.0/P1
102 FCRMAT(IH ,'FSIMAX = ',F€.2," DEG,',3X,"BRAGG ANGLE RANGE
F8.4," TO '",FS.4,"' DEG'/)
WRITE(E,3C3)HAXD,YD
303 FORMAT(IH ,'H = *,F6,2," (M, 3I%X,*DETECTCR LOCATION = (',
& Féa3,'2'sFéJ3,, CLCOCOD

o

WRITECS,305)YS,YMIN,YMAX
20S FORMAT(TH »'Y-TRANSLATION = ', F7.3,% (M,',3X,*SLIT CCORDS
4 Feub," TO '",F€.4," CW'D

WRITE(6,310)
21C FCRMAT(1HT)
¢C TC 2

END

SLBRCUTINE IMDSTRE(RHO,THETAB,PSINAX,X,2/YSR,ZS,XDR,YDR,THETAEC)

DIMENSION X(21),2(21)
cc 3C 1=1,21
FSIVAR=PSIMAX*(1.0-2.C*(FLCAT(I-1))/20.0)

T1=SIN(PSIVAR)
T2=CCS(PSIVAR)
TS=SIN(THETAR)
TE=CCS(THETAZ)
17=T€/75S
TE=T1/72

ST=SIN(THETAEC()
SZ=CCS(THETABC)
$X=82/581

IfF(PSIVAR,EQ.C.0) GO TC 2C

T¢=Te/T1

ZE=(IS*TE~YSR)/(T8+TS)
AE=SCRT((YSR+TO#IB)®a24(IS-28) *+»2)
ES=SCRT((RHO*T2-IR*TO)**x2+ (IB=RHC*T1)x*2)
€c TC 25

20 AE=1S
ES=REI+YSR

25 XSSSGRT(T7x%x2%BS%x2-AB%%2)
CO=YSR-(24BS5*T2)
EE=C((RHO*T2+DD)/(=XS))+S3

XINT=(XDF~«S3+YDR=DD)/EE
ZINT=(CXINTH(RHC*T1=2#0S54T1-25))/XS)+2+BS*T1+ZS

X(I)=(XDR=XINT)/S1
2(I)=ZINT

GC TC 30
30 CCNTINUE

RETUFRN
END
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220 SUBRCUTINE PPLOT(SCALEX,SCALEZ)
221 ¢

222 COMMON/XXXS XX(21,21),72021,21)
223 ¢

224 INTEGER*SL IWD(25,1C00)

225 ¢

22¢ CIMERSION SCALEX(2),SCALEZ(2)
227 ¢

228 DO 2C J=1,100

229 pc 1C 1=1,25

230 IwD(Isdd)=4H

231 10 CONTINUE

232 20 CONTINUE

233 ¢

234 EX=36 .0/ (SCALEX(2)-SCALEX(1))
235 BI=95.0/(SCALEZ(Z2)-SCALEZ(1))
236 €

237 AX=1,0-BX*SCALEX(1)

238 AZ=1,0-32+SCALEZ(1)

239 ¢

240 cC 1C0 J=1.,21

241 co 8C I=1,21

242 ¢

2473 IC=AZ+87*27(1,4)+C,.5

244 JLZAX#BX*#XX(1,4)+C.5

245 C

246 IFCIC.LT. D I€=1

247 IFCIC.GTL1060)Y 1¢=1013

248 IFQILL.LT.TY JL=1

249 IF(IL.GT.100) JL=103

250 ¢

251 CALL ISSBYTE(Y'2A',IwD(1,JL),IC-1)
252 ¢ ’

253 80 CONTINUE

254 100 CCNTINUE

255 ¢

256 WRITE(SH,110)

257 110 FCRMAT(1H1)

258 WRITE(H,120)

259 120 FORMAT(TIH ,1X%X,25('~~==1))

260 ¢

261 L0 140 J=1,1CC

262 WRITE(HA-130)CTIWD(ILI),1I=1,25)
263 130 FCRMATCIH ,'1?,2544,'1")

264 1640 CCNTINUE

265 ¢

266 WRITE(6,120)

267 WRITE(6,150)SCALEX,SCALEZ

268 1SC FCRMAT(IH ,*X-MIN,X=FAX,I-FIN,Z-MAX (CM) =',6F10.4)
259 RETURN

270 END



X-TAL QADIUS CF CURVATURE

b=

Y-AXIS

Xx=TAL RADIUS OF CLOVATURE

H=

Y-AXIS TRANSLATICN OF

C.s50CC

X=
-63.0489
=59.(05%4
-53,7378
-47.3531
-38.%402
-29.7952
-19.4861

~7.7148
5.5866
19.6522
35.1158%
50.58115
58,1034
8€.4594
105.C814
124.7€676
164.4537
165.2C40
186.2203
237.5025
229.C50%

€.5003

X=
-54.0C29
-51.C77¢
67,6102
42,8307
~34,1799
~28.4£51
=19.4¢01

-9.C450
1.2422
14,2655
28,1691
L2.5¢47
582,¢¢03
75.C232
P2.8441
110.€6%20
129.5561
Te8.4441
162.4622
18846145
2CR,.E227

v

™

TRANSLATION OF SLIT IN (M=

42191,73890
4288,5700
4385,£45C
«383,1250
&381.1133
6279.,713¢
4379.C320
4379.3400
4330.5590
4382.9410
438€.53250
4391.4800
4357,9680
44C5.8790
441,390
4424,.5450
4660,2890
4455,5080
4472.9090
4492,2400
4512,9940

1=
3954,0340
3051,4710
3948.9630
3944K,5950
3944 ,7290
3342,28%0
3942.4690
3C42.3920
3942.1650
3944,9370
3%47,7940
3951,3820
1657.27C0
3564.108y
3672.4810
1832.53%C
3994.,2110
40C7.95%¢
672%,46400
4C461,C7%)
2607720

225,40

=25.40

SLIT IN (M=
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™,

0.00¢C

M.

0.

0

0

C

PRAGGS ANCGLE

2RAGG ANGLE

35.CC

35.0¢C

DEGREES

DEGREES
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FILE SFFISY.FTN 11:45 20 MAR 85
EFFIGY . FTN

Kh X AN R AN AR R R AR R A A S R AA R A AR AR AR AR A R R A R ARk A A AR AR IR A R AR IR h R hedh
PRCGRAM TC CALCULATE SPECTECMETER PERFORMANCE
€Y FINDING THE HEIGTH CFf THE IMAGE OF A
FINITE EXTENDED SLIT CN THE DETECTOR. GRAPHS OF
EFFECTIVE SOLR{E HEIGTH vS., BRAGG ANGLE AND
(EFFECTIVE SCURCE HEICTH/ACTUAL SCURCE HEIGTH) VS. BRAGG ANGLE
BARE FLOTTED FOR A CIVEN SEIT OF INPUT PARANETERS. THIS PRCGRAW
LTILIZES GEQMETRY 2: THE CRYSTAL IS TRANSLATED TO VARY THE
ERAGC ANGLE RANGE.

XX R E AN ANAR R AR R A AR TR ARNN A AN A AR IR R A A R A AR A A AR IR AR A R A AR R AR AN R R SR
CIMENSION YS(2),X(2,21,210,NCHCICCY /NCO(CICD),THETAB(TT)
CIMENSION CELX(IT),THETAET(11),RATIO(1)

INTECER*S4 U
FI=2.0*ASINCT1.D)
*xx« INTERACTIVELY ENTER INFUT PARAMETERS#awx

1 WRITE(S,*)'TYFE "END" TO END, OTHERWISE RETURN'
REAC(3,2)IPLCF

2 FCRMAT(AL)

IFCIFLOFLEQL"END'ICALL EXTIT(D)

WRITE(S,*)*ENTER RHO (CRYSTAL RPADIUS 0OF CURVATURE) IN (M.!

REAC (3, *)RHD

WRITE(S,*)'ENTER PSIMAX (WALF=-SECTOR ANGLE CF CRYSTAL) IN DEG.'

READ(Z,*)PSIVAXT

FPSIMAX=PSIMAXT*PI/13C.C

WRITE(S,+)PENTER RALF-SLIT LENGTR 4 IN CVM,!

READ(Z,*)h

WRITE(S5,*)'ENTER TwOD (LATTICE S2ACING) IN ANGSTRCHMS®

READ (3, *)TWQD

WRITE(S,*) ENTER CL (CRYSTAL LENGTH) IN CM,.!

FEAD (3, %)L

WRITECS,#)YENTER DFTECTOR LENGTH DL IN (M,!

REAL(2,=)DL

WRITE(S,*) *ENTER YMINC(COCRDINATE CF 82C0TTOM OF SLITYIN (M,

READ (3, x)¥YMIN

WRITE(S,*)"ENTER YYAX(LOCRCINATE CF TOP CF SLIT)IN (V!

FERD(2,*)YNMAX
*x*»w"STARDAPC VALLES" CF INPLT PARAMETERSw*ww

TRO=2S5.4

FSIMAXT=12.2

FSIMAX=PSI¥AXT1+PI/18(.0

K=0.5

TwlCD=6,06%7

CL=1C.1s

CL=1C.0

YVMIN=-0.015

YMAX=0.015
LS SRR R R R SR AR R R R R L R RS R R PR R RS SN R RN R SRR R RARRERRRRESESRDR]
* DESIRED ENERCGY RANGE DETERMINES BRAGG ANGLE TO THE *
* CENTER OF THE CRYSTAL, THETABC, WHICH IN TURN DETER- =»
* MINES THE X=CCORDINATE CF THE CRYSTAL CENTER, XC. *
ERARAAT AR R A AR RN N XA AR AR RRAR AR ANAN A A AR ARRN AR AR AR R ARk kh® 2 d R

WRITE(S,*)'ENTER DESIRED ENERGY RANGE IN KEV'
FEAD(2,%)E01,E0Q2
ECC=(EQT+EC2) /2.0
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ARXKRRRANKR AR AR AR AR A AR A RR AN I A AN RRRREA A AN R AR AR N AR AR R R A AR AR Ak R

*
*

END CF INPUT PHASE. THETAEC-, XC, BRAGG ANGLE RANGE, AN
ACTUAL ENERGY RANGE ARE ANCw CALCULATED.

D*

*

RARERRAAARANR AR AN R AARR AR I AN R ARRAE AR AARRR AR ER A AR IR A A ek o

3

THETABC=ASINC(I2.356/(TWOD*EDC))
THETABC1=THETABC*123C.3/P1

XC=RHO/TANCTHETARC)

TRETAT1=ATAN(RAO/ (XC-(CL/2.CI D
THETAZ=ATAN(RNO/(XC+(CL/2.0)))
CELTHE=THETAT=THETA2

E1=12.39€/CTWCO*SIN(THETAL))
E2=12.39€/(TwOD*SINC(THETAZ))

CELEN=E2-E1

WRITE(S,2)ET1,E2

FCPMAT (1~ ,'ACTUAL ENERGY RANGE = ',F8.4,' TO ',F8.4,'

*x*xx INITIALIZE THE AQRAY THETAS##x«

&

DC & u=1,M1
THETAZ(U)=0.C
CONTINUE

*#xxxFIRST QUTFUT FHASE*#x»»

5

1C FCAMAT (1K ,'CCORCINATE OF CRYSTAL CENTER

1°

2C

WRITE(6,5)RHC

KE

v'/)

FCRMAT(1HT1,"CRYSTAL PADILS OF CURVATURE = ', F&.2,2X,7CM'/)

WRITE(6,1C) xC

Hi

WRITE(6,15)PSIMAXT

FCRMAT(1H L, *HALF=SECTCE ANGLE OF CRYSTAL = ',F4,2,.2X,°DEGYY/)

WFITECE,ZCOH
FCRVAT(IW ,*MALF-SLIT LENGTH = ', F&8,.2,2%,'CV¥' /)

WRITE(n,25)T74C0

25 FCRMAT(IF ,'2=LATTICS SPACING = ',F3.4,2X, ANGSTRCMS*/)

WRITE(4,300CL

30 FCRMBT(IH ,'CRYSTAL LENGTH = ', F2.2,2X,'CV'/)

WRITE(E,35)THETATX13C ,0/F1

35 FCAMET(1H ,'YAXINUM S28GCE ANGLE = ',F6.2,2%X,'0EG'/)

WRITECE,4C)THETAZ*18C,C/FR]

40 FCRMET(1H ,'MINIMUY ERAGC ANGLT = ', F6.2,2X,'DEG'/)

WRITE(S,4S)DELTHERT1BC C/FI

45 FCRMAT(1h ,'3RAGE ANCLE RANGE = ', F6.2,2%X,'DEG"'/)

WRITE(E,5C)ET

50 FORMAT(TH ,'MINIMUM X-RAY ENERGY = ',FR,_4,2X,"KEV'/)

WRITE(E,S5)E2

55 FCRMAT (1R ,'WMAXIVUV X—-RAY ENERGY = ',F8.4,2X,"XEV'/)

WRITE(S6,6C)DELEN

6C FCRMAT(IF ,'ENERCY RANGE = ',FE.4,2X,"KEV'/)

WRITE(L,£5)YMIN,YMAX

65 FCRMAT(TH ,'SLIT COORDINATES ALONG Y-AXIS = ",F8.4,'CHM,

&

FELb,"CNMY /L)

'oF5.2.2X.0CHT )

’,

NAKRRAR RS A AR R AN LR AR AR RRARARTN A ARAZEA AR A AARARANR AR AR R AR AR

MAIN DO LCOP 0OF PROGRAM, DIVIDES RRAGG ANGLE RANGE INTO »

»
*
*

11 EQUAL INCREMENTS, AND REPEATS THE BELOw CALCULATICNS
FCR EACH ERAGG ANGLE.

*

*

RAARAAE AR AR AR AR AR A A AARAR AL R R A AR R AN ANAN R AARN T RAA RN NN RN AT N RA

tC SCC u=1,11

THETAEB(UI=THETA2+(FLCAT(L=T))#*DELTHE/13.0
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FTHETABT(L)STHETAEB(UI*1R0.C/PI

WRITECS,7CHITHETAST (W)
70 FCOMAT(1H ,'BRAGCE ANGLE = ',F&£.2,2X,'DFG."'/)

axxx INITIALIZE ARPRAY X#*x**
Lc £¢ 1=1,2
cC 8C wx=1,21
DC 75 t=1,21
x{I,k,L2=C.7

75 CCNTIWUE

BC CCNTIANUS

§S CONTINUE

R R T e L e
* CALCLLATE X=CCORCINATES COF THME TCF AND 30TTOM OF THE RECT=x
* ANGULAR SLIT SOURCE, AKND COLL THE SUIRNUTINE IMDSTRZ T2 *
* CallLLATE I4aGE PCINTS FCR EACH CF THESE 2 LINE SLIT *
* SCLI{ES, STGLF THE INACE FCINTS IN THE ACRAY X, *
AR KRR AR N R K R AR A NE R R xR R AR AR A RRRR R R AR R AR R E A m AR KA R xd R

cC 92 I=1,2

YSCI)=YYIN+(YMAX=YNMIN) #FLOAT (I~}

CALL IMDSTRS(THETAS,FPSIMAX,RHC,THETABC, I, H, X, YS, W)
90 CCNTINUE

KA R A XA AR A A A AR AN R AR R A AR AR T AR AA AR AR A R A AR AR AR AL AN Ak h v h
* INITIALIZE XMIN AND XMAX; THEN PRCCEED TC SET XMIN TC MIN- *
* IVMUM X=VALUE CF IMAGE PJOINTS FROVM TOF SLIT, AND XMAX TO MAX-
* IFMUM X-VALUE CF IMAGE POIANTS FROM &Q0TTOM SLIT, DELX IS THE *
* AESOQLLTE IMAGE EXTENSION CN THE DETECTOR, AND RATIO IS THE *
* RAYTIC O2F ACTLAL IMAGE EXTINSION TC ACTUAL SCURCE EXTENSICN. *
IR R E R R R R RN S A R R R L R R R R SR R R R R R E R IR SRR EEEE R R R R R RS R RN R RN

AWIN=100.C

XKMAX==13C.0

cCc 1C3 k=1,
CC 95 L=1,21

XMAXZAMAX T (XMAX,X(T,K,0))
XMINZAMINT (XM IN,X(2,K/L))

95 CCNTINUE
100 CCNTINUE

CELX{UL)=XMax=xXMIN
FATICCUI=DELX(U)/(YMAX=-YNIN)

*xxxSECOND QUTPUT PHASE 2EGINS ON LINE 134, ENDS ON 18%#aawx

WRITE(S,TCT)XNMIN/ZXYAY
10S FCPMAT(1H ,'INMAGE PANGE CN DETECTC® IS ',F2,4,2X,' (VM TO',
i FSoL,2X,0Cv )

A Ak R A A K R A A A AR R R AR R A A A AR Ak A Ak AR kR R R AN AR N R AR AR AR R RANANRN R AR Ak N &
* IMAGE IS CFF CF CETECTOR wHEN XMIN IS 9ELCW DETECTOR BOTTCM =
* CR XMAY IS AZCVE DFTECTO® TCP, *
KA * AN KK I R R AP R AR AR AR R A AR KRR R Ak R R A R AR R N R A AR RN KA N R AR AR KRR R AR H

TFCOXMINGCE L (=DL*CL3)) L AND L (XMAX LE.(DL*CLS5))) GO TO 115
WRITEC(S,110)
110 FCRINMAT(1W ,'I¥AGE IS CFF DETECTOR'/)

115 WRITE(4,12TIDELX (L)
120 FCRMAT(1W ,'EFFECTIVE SOLRCI KEIGTH = ',FR,4," (M'/)
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232 WERITE(L,125)RATIC(W)

233 125 FCAMET(IF ,'FFFECTIVE SOULRCE HEIGTH RATIO = ',F8,4//7)
234 ¢

235 ¢

236 €

237 ¢

232 SO0 CCNTINUE

233 ¢

240 € 4%AxERD CF MATY DC L7CSxnrn

241 C

242 CC 6C3 I=1,173

243 NCD(ID=1h~-

244 ANCH(ID)=1h

245 €00 CCNTINUE

246 ¢

247 C *xx*CALL PLCTTING SUBRNUTINE*#rex

248 C

249 CALL EBAR(DELX,RATIC,NCD,THETARY)

250 €

251 G TC 1

252 ¢

253 END

254 SUBRCUTINE INDSTRA(THETAZ,PSIMAX RHD,THETARC, I, Ho X,YS,UD
255 ¢

250 c LR A LS R EERERERER R R PEERERE R EREEEEREREEEEEERFEER LR B R RS I I S R
257 [ THIS SUBRCUTINE TACES THE ABCVE INPUT PARAMETERS AND CAL~- *
258 c » CLLATES THE X-CCORDINATES OF THE IVMAGE POINTS, STORIAG THE =
259 c » VALUES IN THE ARRAY X *
250 € A AR AR AR AN K AR R R Rk N RN A AN AR R A AR A A R R R RN AN AN AR AR AR A A AR N AN A AR R RN
261 C

262 CIMENSION YS(2),X(2,21,21),THETAB(I)

2463 INTEGER*L U

266 €

265 t¢ 5C k=1,21

266 C

267 FSIVAR=PSIMAX4(1.,0-2.C#«(FLCAT(X=1))/20.0)
268 €

205 cC 4C L=1,21

270 ¢

271 IS=2 CxH*FLOAT(L-1)/72C.C-H

272 €

273 TI=SIN(PSIVAR)

274 T2=CC3(PSIVAPR)

275 TS=3INCTHETAR(U))

276 Te=CCS(TRETAR(Y))

277 T?=T¢/75

278 TE=T1/T2

279 ¢

230 S1=SIN(THETASC)

281 S2=CC5(THETARC)

222 §21=52781

283 ¢

2% IF(PSIVAR.EQ.C.3) 60 T2 2C

285 ¢

284 T6=TZ/T1

257 IE=(IS*TS5=YS(I))/(T3+TQ)

288 AR=GCRT(LYS(I)+TC 23242+ (25~23)rx2)

289 ESSSCRAT((RHI*T2-7a2«T5) #2424+ (2C=0HCaT])w*2)
290 CC TC 25

291 ¢

292 2C AE=1¢%

293 ES=REZHYS(ID)

23 ¢

295 €5 XS=3QRT(T7x«2*235xa2=23wx7)

295 CD=YS(I)=(2%3S+T2)

297 EE=((RHC*T2+00)/ (=XS)) +512

295 ¢

299 XL (ST##2x3H0¢2=0D)/FF

300 €

301 XCL, v, L)=(X0=2+2H0*52)/(-51)

3n2 ¢

303 4C CCNTINUE

304 C

325 52 CCNTINUE

306 C

337 END
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303 SLERCUTINE 2920(0sLXx,RATIC,NCO,THETART)
309 C

310 € wewexeTRIS IS THAF PLOTTING SUBRCUTINEwxws
311 C

312 CIMENSTON DELXC11),RATI0OCI1),NCDCICD), NCHET0D) A THETART (1)
21z CIMENSION NCE(ICD)

314 INTEGER®L U

3115 ¢

316 €

317 tC 2 1=1.133

318 ANCECI)=TH

319 2 CCNTINUE

326 ¢

321 CC & I=1.10

322 J=Ix1C

323 NCE(JI)=1H!

324 &  CCNTINUE

325 ¢

32¢ WRITEC(ELE)

327 3 FORMAT(TH1,35X,*EFFECTIVE SCURCE KEIGTH CN DETECTCR'/)
328 €

329 WRITE(S5,12)(C.N15*FLCAT(U),4=1-10)
330 10 FCRMATCTH »13X,12(SXx,F5.0)7)

331 C

332 C

313 WRITEC(A,14INCE

3134 T4 FCR¥AT(1K ,13X,1CC81/7)

335 ¢

336 €

117 WRITE(A,T1EINCD

338 15 FCRMAT(TH ,13IX,100817)

319 ¢

240 Lc 1CC u=1.11

341 C

242 tc 5C 1=1,12¢C

243 NCH (I =6

344 SC CCATIAUE

345 ¢

345 JEIFIX(DELX(UY/D.CTTS)

347 ROV

348 C

249 WFITE(4A,20)THETART (U S NC K

25C el FCEVAT(IR ,F13.4, 2%, W0, 0078, 00y
381 ¢

382 WRITE(4,£2)

353 52 FCRVMAT{Vr L1232, 41,3 00x, 00 )

354 €

2s5 10 CoNTINUE

356  C

157 WRITE(L, 11000 CD

35¢% TI0 FCRMET (1~ ,17x,17081/7) -
159 ¢

350 C

3e1 KVAXERATIG Uy

362 LS 1e¢C J4=1,.M

3563 F¥AX=aMAXT(R¥MAX,24TIC(J))

364 12C CONTIANLE

345 ¢

356 WRITE(A,13D)

367 135 FCORMAT(1%1,3S%,*RATIZ OF EFFECTIVE SCUOCE WIDTH TC SCURCE WIDTH'/)
3¢e8 C

369 CEL=(RYAX=1,0C)/13.3C

170 WRITE(A,T140) (1. OC+#DELAFLIAT () »U=1,1D)
371 147 FCRMAT(IH ,3%, ' 1,023, 10(5%,FS.3)/)
372 C

373 WRITE(L,150INCE

374 150 FCRYET(1H ,12x,*'',10Ca1/)

375 ¢

374 WFITE(4,160)8CD

2?77 16C FORMAT(1W A13x,1CCAT1/)

378 ¢

379 cc 272 u=1,11

333 ¢

381 £C 182 1=1,17¢

332 NCR{I)=4R

333 160 CONTINUE



385
386
387

393

395

197
393
399
[k}
4G1
402
403
[AEA
435
436

185

137
190

93

CAL=IFIX((RATIOML)=T1.2M)+1C.C/DEL)

IF(CALLSTLD.C) G2 TG 185
NCH(T)=4Hn

6 TC 187
J=CAL
NCHCI)=hH»

WRITE(ELIQD)ITHETAET (L) #ANCH
FCRMAT(IH LF1C.4s2X, "' ,1C20, 00,

WRITE(5,1653)
FORIVMAT(IH 12X, "0 100,000 )

CCMNTINUE
WRITE(S,212INCD

FCRIMAT (1% ,13x,102A17)

END
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CRYSTAL RADILS OF CURVATURE = 25,49 ™

H

CCORDINATE OF CRYSTAL CENTER 17.95 (™

HALF-SECTOR ANGLE QOF (CRYSTAL 12.0C DEG

HALF-SLIT LeNGTH = J.50 (¥

CXLATTICE SPACING = 6.6370 ANGSTPCMS
CRYSTAL LENGTH = 10.1¢ (¥

MAXIMUM 2RAGCE ANGLE =  63.13 DEG
MINIMUM SRAGC ANGLE = 47.80 DEG

ERAGG ANGLE RANGE = 15.33 PDEG

MINIMUY X~RAY ENERGY = 2.3782 KEV
MAXINMUM X-R4Y ENERGY = 2.5026 KEV
ENERCY RANGE = 0.4242 KBV

SLIT COORDINATES ALGNG Y-AXIS =

ERAGE ANGLE = 47.%0 DESG.

IMAGE RANGE CN DETSCTCR IS ~7.55%24  CM TC
IMAGE IS OFF DETECTOR

EFFECTIVE SOLRCE AEIGTH = 2.104s CV
EFFECTIVE SOLRCE WFIGTH RATIC =  I,4340
SRAGG ANGLE = 46,33 DEG.

IMAGE RANGE CN DETECTOR IS =-5,9284 (™ T2
IMAGE IS CFF DETECTOR

EFFECTIVE SOLRCE WEIGTH = 2.0854 (v
EFFECTIVE SOURCE MTIGTA RATIZ =  2,9457
ZRAGG ANCLE = 5C.36 DES.

IMAGE RANGE CON DETECTCR IS =4.2337 (¥ TQ
SFFECTIVE SOLRCE HEIGTH = 0.0675 (V
SFFECTIVE SCLRCE WEIGTR RATIC = 2.2523
ZRAGE ANGLE = 52,640 D&5.

IMAGE RANGE CN DETECTOR IS5 -2.5634 21 T2
EFFECTIVE SOLKCE ~S1GTH = 2.3508 ¢V
EFFECTIVE SOURCE ~ZIGTH RATIZ = 1,4547

~0.2150C%,

C.0150¢Cw
~7.4878% (M
-S5.%230 (™
~4.1£55 (¥

C'V‘
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ZRAGEC ANGLE = 52,93 DEG.

IMAGE RANGE CN DETECTCR IS -(.86709 (o

EFFECTIVE SOULRCE HEIGTH = J.0354 ¢V
EFFECTIVE SOULRCE HEIGTH RATIC = 1.189232
ERAGG ANCGLE = 55.46 DEG.

IMAGE RANGE CN DETECLTOR IS C.74C2 ™

EFFECTIVE SOURCE HEIGSTH = C.0347 Cw
EFFECTIVE SOLRCE HEIGTH RATIC = 1.1579
BERAGEC ANGLE = S57.00 DEG.

IMAGE RANGE CN DETECTCR IS Ceb14% M

EFFECTIVE SOURCE HMEIGTH = C.067C CM
EFFECTIVE SOURCE HEIGTH RATIC = 1.56%2
ERAGE ANGLE = 58,53 DEG,

IMAGE RANGE CN DETECLTOR IS 4.,0730 M

EFFECTIVE SOLRCE HEIGTH = 2.0585 (¥
EFFECTIVE SOLRCE HEIGTH RATIC = 1.948%9
SRAGG ANGLE = 6C.0% DEG.

IMAGE RANGE ON DETEZCTOR IS 5.733¢C ™

IMAGE IS CFF DETECTOR

<

EFFECTIVE SOLRCE hEIIGTH = 2.0483 1

EFFECTIVE SOURCE HEIGTH 2ATIC =

"~
(]
>
~)
v

ERAGG ANGLE = 61.59 DtcG.
IMAGE RANGE CN CETECTCR IS 7.6124 (o

IMAGE IS OFF CETECTOR

EFFECTIVE SOLRCE HEICTH = C.07¢3 M
EFFECTIVE SOULFCe HEIGTH RATIO = 2. 4440
ERAGCE ANGLE = 621.13  DEG,

IMAGE RANCGE ON DETECTOR IS5 y.0093° "
IMAGE IS OFF DETECTCR
EFFECTIVE SOURCE HEIGTH = C.2387 (WM

EFFECTIVE SOLRTE AEIGTR RATID = 25554

19

T

T3

TO

~C.362°¢

C.7955

2.6617

5.8073

76917

cv

c™M

()

M

ey



47,7966

52.3973

5€.9652

21.59%1

EFFECTIVE SOURCT HETIGTH ON DETECTCR

J.23C 2.C45 0.060 J.075 D.C90 n.105 3

96



1.00¢

47,7954 1

+
1
.
[
(9]
~
o

SC.2%60 !

52.3¢73 !

51.92¢9 !

5¢.9952 !

w
5
.
n
¥
~
o

6C.06Ca !

61.5921 !

63,1257 !

RATIS OF EFFECTIVE SCURCE WIDTH TC SOURCE wlIDTwm

1.2649 1.497 1764 1,994 2,243 2.492 2.740 2.936 1.237 2,486

L6
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FILE : REFUGEE.FTN 11:41 20 ¥AR 85

REFUGEE.FTN

(A2 R R SRR EER SRR R R REES SRR Rl SRR R R R RS SR NEERERRRRRNE DS
FROGFAM TC CALCULATE SPECTROMETER PERFORMANCE
EY FINDING THE HEIGTH OF THE IMAGE OF A
FINITE EXTENDED SLIT ON THE DETECTOR. GRAPHS
CF EFFECTIVE SOURCE HEIGTH VS. BRAGG ANGLE AND
(EFFECTIVE SCURCE HEIGTH/ACTUAL SCURCE HEIGTH) vS. BRAGG ANGLE
ARE PLOTTED FCR A GIVEN SET OF INPUT PARAFETERS. THIS PRCGRAM
ULTILIZES GEOMETRY 3: THE CRYSTAL IS ROTATED TO VARY THE BRAGG
ANGLE RANGE.

FARRAK AR AR ARk AR A AR AR AN AR R A AR A RN RN AR AN R RA NN AR AR R AR R A hh

CIMENSION YS(2),%X(2,21,21),NCH(100),NCD(1CO),THETAB(11)
CIMENSION DELX(11),THETAET(11),RATIO(11),YSR(2)

INTEGER*4 U
FI=2.C+ASINC1,.O)

awxux INTERACTIVELY ENTER INPLT PARAMETERS**naas

T WRITE(S,*)'TYPE "END" TO END, OTHERWISE RETUPRN'
READ(3,2)IPLOF

2 FCRMAT(AG)
IFCIFLOFLEQ. END")CALL EXIT(O)

WRITE(S,*)'ENTER &KHO (CRYSTAL RADIUS CF CURVATURE) IN (M,
READ(3,*)RHD]

WRITE(S,»)*ENTER XC (COORDINATE CF CRYSTAL CENTER) IN (W,.'
READ(3,*)XC

WRITE(S,»)"ENTER PSIMAX (HALF-SECTOR ANGLE OF CRYSTAL) IN DEG.'
READ(3,@)PSIMAXY
FSIMAX=PSIMAX1*PI/18C.C

WRITE(S, %) 'ENTER HALF=SLIT LENGTH ¥ IN (M.
READ(3,%)H

WRITE(S,*)'ENTER TWOC (LATTICE SPACING) IN ANGSTRCMS'
READ(3,*)TWOD

WRITE(S,*) "ENTER CL (CPYSTAL LENGTH) IN CH,®
READ(3,x)CL

WRITE(S5,*)"ENTER DETECTOR LENGTH DL IN CM.°®
READ(3,=)CL

WRITE(S,#)'"ENTER YMINCCOCROINATE OF 20TTOM OF SLIT)IN €M,
READ (3, %) YMIN

WRITE(S,*)"ENTER YMAX(COCRDINATE CF YOP OF SLIT)IN (CV,.°'
READ(3,*x)YM™AX

ax*x" STANDARD VALLES" CF THE INPUT PARAMETERS#x*«

RHC=¢5.4

FSIMAX1=12.0
FSIMAX=PSIMAXT1*P1/180C,
F=0.5%

TwOD=6.687

cL=1C.16

cL=1C.0

YMIN=-0.015

YFAX=(.015

xC=2C.0
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71 C AX R R AR AR R R R AR R R AR AR AR AR N RN R R R AR AR kA AN kR AR A bk A kA Ao ARk Ak ok
72 C e DESIRED ENERGY RANGE DETERMINES BRAGG ANGLE TO L
73 C e CENTER CF CRYSTAL, THETABRC; THIS, ALONG WITH XC., L]
74 C = DETERMINES THE ANGLE OF ROTATION OF THE CRYSTAL *
75 C e ALPHA *
76 C RAAKARKAR IR ARA R AN AR AR AR AR AR PR IR AR RAN R AR R A AR AR Rk R AR TN AR A R
77 C
78 WRITE(S,*)'ENTER DESIRED ENERGY RANGE IN KEV.'
79 READ(3,+)EQ1,E0Q2
80 ECC=(EQ1+E02)/2.C
81 €
32 C AR AR RR A AR R ARSI R A A A R AR AR KA AR AR AR A AR AR A AT AR RNk kA kA A&
83 C » END CF INPUT FPHASE.DETECTCR POSITICN, SLIT POSITION, #
846 C o CRYSTAL RCTATION, BRAGG ANGLE RANGE, AND ACTUAL ENERGY*
85 € * RANGE ARE CALCULATED NEXT. *
B& L Ak kR A A A AR R AR AR R AR R A AR RN NN KA AR AR R RN KRR A KA R AN NN A AN R R R R AR
837 ¢
88 THETABL=ASIN(12.296/(TWOL*ECC))
89 THETAECI=THETARC*120,0/P1
%0 ¢
91 YSO=(YMIN®YMAX) /2,0
92 ALPHAZATANC(RHO+YSC)/XC)~THETABC
93 CAMMA=THETABC-ALFHA
94 CEN=C(YSCH+RHO-RHCACOSCALPHAY)/(XC+RHO*SINCALPHADII+TANC(GAMMA)
95 €
96 XC=(YSO+RHO+XCTAN(GANMAY) /DEN
97 YO=TAN(GANMA) # (XD-X()I~RHC
98 :
99 YSCR=(YSC+RHO) *COSCALPHA)~XL*#SIN(ALPHA)-RHD
100 YORS(XD~XCI*SINCALPHA)+(PHC+YD)I*CCS(ALPHA)-RHC
1017 ¢
102 FF=XC«COSCALPHAY 4+ (YSC+PHCI *SINC(ALPHR)
103 THETAT=ATANC(RHO*YSOR)/(FF-0.5%CL))
104 THETAZ2=ATANCC(RHO+YSOR)I/(FF+0.5%CL))
105 DELTHE=THETAT-THETAZ
106 ¢
107 E1=12.396/(TWCD*SIN(THETAT))
108 E2=12.396/(TWCD*SIN(THETA2))
109 JCELEN=E2~E1
110 €
111 cWRITE(S,3)E1,E2
112 3 FCAMAT(1H ,'ACTUAL ENERGY RANGE = ",FB.4,' TO ',F8.4," KEV?/)
113 ¢
114 C »«*»INITIALIZE THE ARRAY THETABw*xw«
115 ¢
116 L 5 L=1,11
117 THETAE(U)=0.C
118 S CONTINUE
119 ¢
120 C *=xx«FIRST OUTPUT PHASE#*x+x
121 C
122 WRITEC6,10)RHC
123 1C FCRMAT(1K1,"CRYSTAL RADILS OF CURVATURE = ',F6.2,2%X,'CN"'/)
124 C
125 WRITE(6,15)XC
126 15 FORMBT(1H ,'COORDINATE OF CRYSTAL CENTER = ',F6.2,2%X,°CM'7)
127 €
128 WRITE(6,20)PSTMAX
129 20 FCRMAT(TH »"HALF-SECTOR ANGLE OF CRYSTAL = ',f&.2,2X,'0EC'/)
130 ¢
131 WRITEC(6,25)H
132 25 FCRMAT(1H ,'HALF~SLIT LENGTH = ', F6.,2,2X,%CM'/7)
133 €
134 WRITE(6,20)TWOD
135 30 FCRMAT(TH ,"2+LATTICE SPACING = ',FB,4,2X, ANGSTROMS*/)
136 €
137 WRITE(6,35)CL
138 35 FORMAT(IHM ,'CRYSTAL LENGTH = ",F8.2,2X,'CMr*'/)
132
140 WRITE(H,4C)YVMIN,YMAX
141 40 FCRMAT(IH ,'SLIT CCORDINATES ALONG Y-AXIS = '",FS.4,'CM, ',

1462 - FRab4,"CIY/)



143
144
145
1406
147
168
149
150
151
152
153
156
155
156
157
158
159
180
141
162
1563
164
165
1456
167
1468
169
170
171
172
173
174
175
176
177
178
179
130
181
182
183
184
185
126
187
188
189
192
191
192
193
194
195
196
197
1038
199
200
201
202
203
204
20¢s
206
297
208
209
210
211
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WRITE(6,65)ALPHA®TR0 . C/PI
45 FCRMAT(YH ,*ANGLE CF ROTATION OF (RYSTAL = ',FB.4,' CEG'/)

WRITE(6,5C)THETAZ2%18C.0/PI,THETAT=18C,0/P1
S0 FCRMAT(IR ,"MINIMUM ERAGC ANGLE = ‘',FB.4,' DEG'/,/,
& ' MAXIMUM BRAGG ANGLE = ',F8.4,' DEG'/)

WRITE(6,55)DELTHE*18C.C/PT
55 FCRMAT(1H ,'E8RAGG ANCLE RANGE = ',FE8,4,' DEG'/)

WRITE(O,60)ET1,E2
60 FORMAT(TH ,'MINIMLM X-RAY ENERGY = ',F8.4,' KEV',/,
4 *OMAXIMUM X=RAY ENERGY = ',F8.4," KEV'/)

WRITE(6,65)DELEN
65 FCRMAT(IH ,'ENERGY RANGE = ',f%.4,' XKEV'/)

WRITE(6,7C)XD,YD
70 FORMAT(TH ,*DETECTOR LOCATION = (',F8.4,', ',F8,4,',C.00CCHYY /M)

AR AR AR IR AR R T RN N R R AR R Rk R A A AN A RN A AR AR R AN AR I A R AR R kR kR AR AR R RN
* MAIN DO LCCP CF PRCGRAM, DIVIDES SBRAGG ANGLE RANGE INTC  «
* 11 EGUAL INCREVENTS, AND REPEATS THE BELCw CALCULATICNS *
» FCR EACH £QAZG ANCGLE. *
AR A AR KRR A SR A R R e h A AR A A AR AR A A AR IR A AR R AR A AR R AR Ak Rk kR AN R AR k&

CC SCT u=1.,11

THETAS(U)=THETAZ2+(FLCAT(L-1))*DELTHE/TD.0
THETABT(U)=THETAE(U)*180.0/P1

WRITE(5,75)THETAZT(U)
75 FCRMAT(1+ ,'3RAGC ANGLE = ',F6.2,2X,'DEG."/)

*xx s INITIALIZE APRAY x*wew
CC 9C I=1,¢
tc 285 k=1,21
bc 8C L=1,21
X(I,k,L)=C.0

80 CCNTINUE

85 CCNTINUE

90 CCNTINUE

AR R A Ak AR ARk R AN AR R R AR AR AR AR R RN A RN R R AN R A AR AR AN AR AR A R RN AR R R AR
* CALCULATE NEW COCRUINATES FOR CRYSTAL CENTER, SLIT CEN-»
* TER, DETECTOR, AND Y-COORDINATE CF SLIT FCR THE TQP *
* AND EOTTONM SLITS AFTER THE CCCPDINATE TRANSFORMATION *

R R I N I I I T T NI T 2 R R
DC 9% I=1,2
YSCI)SYMIN+®(YVMAX=YYIN) *#FLOAT(I=1)
XCR=XC*CCSCALPHA)+(RKNO+YS(I})=SINCALPHA)

YSRCEID=(YSCII+RHCI*CCS (ALFHA)=XC+SINCALPHA)~RHO
XSOR=(YS(I)-YSCI«SINCALPKA)

XDR=XD*CCS (ALPHAI+(YS(I)~YDI*SINCALPHA)
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AR AR AR AR AR AR R R AR AR AR AR AR D R BB R AR AR A R A AR AR AR AR A AR A RN RN d &
* CALL SUBROUTINE IMDSTRE TC FIND THE X-COCRDINATES OF *
* THE IMAGE PCZINTS CN THE DETECTOR; SYORE IN THE ARRAY X »

(AR SR RR RS EEERELEEEERENENFEREENEEEEAEE S LR R EESIEREREENERESE]

CALL IMDSTRO(THETAG,FSIMAX,RHO,THETARC, I, H,X,Y5,U,YSRAXDR,YDR)
95 CCNTINUE

I Z 2 EZ R R ESRER RS R RS RSN SRS R R NRRSE S SRS SRS ER SRR RN N
INITIALIZE XMIN, XVAX; THEN PROCEED TO SET XMIN *
TC MINIMUM X-VALUE OF IMAGE POINTS FRCM TCP SLIT,AND «
xVAX TO MAXIWMUM X-VALUE CF IMAGE PCINTS FROM EBOTTOM *
SLIT7 DELX IS THE ACTUAL I¥AGE EXTENSIONs RATID IS THE®
RATIC OF ACTUAL IMAGE EXTENSION TC ACTUAL SOURCE EX- #
TENSION. *

AREARARRA RN AR A R AR R AR AR ARR AR AR R A AR AR AN E R AR RN AR AR T AR

* » * % ¥ ¥ »

XMIN=100.3
XMAX=-10C.0

Lo 1C5 k=1,21
tc 1CC L=1, 21

XVAXSAMAXTOXVAX,X(T, K L))
XMINZAMINT (XMINSX(2,K/L))

1C0 CCNTINUE
105 CCNTINUE

CELXCUI=XMAX=XMIN
PATIC(U)=DELXCU)/C(YMAX-Y¥IN)

*xxx SECOND OQUTPUT PHASE COMPLETED##x«

WRITEC(S,1T10IXMIN, X¥AX
110 FORMAT(TH ,*INMAGE RANGE ON DETECTCR IS ',FR.4,2X,' CVM TO',
3 FR.G,2X,0CN )
*Qtt‘ﬁiilt‘tﬁtﬁtt:tﬁiﬁ'tﬁtﬁtﬁﬁﬁﬁ*ﬁi**t*tt**ﬁtﬁttkt"t*tﬁﬁttttﬁt
L] IMAGE IS OFF CF ThE CETECTCR WHEM XMIN IS BELOW DETECTOR =
L] ECTTCM OR xMAX IS AGCVE DETECTCR TOP, hd

LR SRR AR R R R R R R RN N N R R e 2 222222 ]

TFC(XMINCGGE.(~DL*C.S)) JAND . (XMAX.LE. (DL*0.5))) GG TO 120
WRITE(6,115)
115 FCRMAT(1M ,"INMAGE IS CFF DETECTOR'/)

120 WRITEC(6,125)DELX(Y)
125 FCOMATC(IH ,'SFFECTIVE SOURCE HEISTH = 'L,F8,.4,' CM'/)

WRITE(H6,13C)RATIO(UY)
130 FCRMAT(IH ,'EFFECTIVE SOURCE HEIGTH RATIO = ',F8.4//)

S00 CCNTINUE
*x*¥END CF THE MAIN DO LCCOxzwx

tC 6C0 I=1,1CC
NCD(I)=1H~
NCH{I)=1H
600 CCNTINUE
*xxwCALL FLOTTING SUSROUTINEw« =
CALL SSAR(DELX,RATIO,NCD,THETAST)
cC T¢C 1

END
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284 SUBRCUTINE IMDSTRE(THETAB,FSINMAX,RHO,THETASC, I, M, X,YS,U,YSR,
285 3 XCR,YDR)

286 ¢

287 [ R R R R R N R R R
228 C = TFIS SUBRCUTINE TAKES THE A30VE INPUT PARAMETERS AND CAL- *
289 c » CLLATES THE X~=COCRDINATES CF THE IMAGE PCINTS, STCRING *
290 C » THE VALUES IN THE ARSAY X *
291 [ R R R R R Ry E R R R R Y
292 ¢

293 CIMENSION YS(2),X(2,21,21),THETAB(11),YSR(2)

294 INTEGER*4 U

295 ¢

296 LC 5C x=1,21

297 C

298 CPSIVAR=PSIMAX#*(1.0-2.C*(FLOAT{(X=1))/20.0)

299 C

300 LC 4C L=1,21

301 C

302 1S=2  C*H*FLOAT(L=1)/2C.0-H

303 ¢

304 T1=SIN(PSIVAR)

305 T2=CCS(PSIVAR)

306 TS=SINCTHETAZ(U))

307 TE=CCSCTHETAE(U))

308 T?7=TE/TS

309 TE=T1/72

310 ¢

I ST=SIN(THETABC)

312 S2=CCS(THETABC)

313 $3=52/51

314 C

315 IF(PSIVAR,.fG.C.0) GO 70 2C

316 ¢

317 T6=T72/T1

318 ZE=(IS*TE-YSR(I)I/(TE+TQ)

319 AE=SCRT(CYSRCID#TGHZIE) «a24(2S-18)«*2)

320 ES=SCRT((RHO*T2~ZE*TS5) ##24 (IR-PHC*xT1)x*2)

321 GO TC 25

322 €

323 20 AE=I

324 ES=REC+YSR(I)

325 ¢

326 25 XS=SGRT(T7*a2+BS+*x2-A3%x2)

327 CO=YSR(ID=(2*85*T2)

328 EE={(RHC*T2+DD)/ (=X5))+S2

329 ¢

330 XINT=(XDR*S3+YDR-DD)/EE

331 ¢

332 X (I K, L)=(XDR=XINT)}/ ST

333 ¢

334 40 CONTINUE

335 ¢

336 50 (CNTINUE

3317 ¢

338 END

339 SL3RCUTINE 32AR(DELX,RATIC,NCD,THETABT)

340 €

341 C **axxTHIS IS THE PLOTTING SUBRCUTINE#xax*

342 C

343 C

344 CIMENSION DELXC11),RATIO(11),NCD(100) ,NCH(100),THETART (1)
345 DIMENSION NCEC(IDD)

346 INTEGER*&L U

347 C

348 €

349 tc 2 1=1,100

350 NCE(ID=1H

351 2 CCNTINUE

3s C

353 Lc 4 I=1,17

354 J=1#*10

355 NCECJY=TH!

356 4 CCONTINUE

357 ¢

358 WRITE(5,8)

359 £ FCAOMAT (1m1,3S%, "EFFECTIVE SOURCE HEIGTH ON DETECTOR'/)

356 ¢
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361 WRITE(S6,10)(C,02C*FLCAT(J),J=1,10)
362 10 FCRMATCIH »13x,1C(5X,F5.2)7)
3583 €

354 €

345 WRITE(S,14)INCE

346 14 FCRMAT(IR ,13x,1004817)

367 €

368 €

369 WRITE(6,18INCD

370 18 FCRMAT(IH L,13X,1CCAY YY)

371 C

372 pC 1CC u=1.,11

373 €

374 b¢ SC I=1,10C

375 NCH(T) =4k

376 5C CCNTINUE

377 ¢

378 J=IFIX(DELX(UI/0.LC20)

379 NCHCJY=4Hr®

380 €

381 WRITE(S,6C)THETART (U),NCH

382 60 FORMATCIH LFIC.4,2X, "1, 10041, )
383 ¢

384 WRITE(6,42)

3185 62 FCRMATCIH 12X, ' ,1C0X, "))
386 €

387 100 CCNTINUE

388 €

389 WRITE(S,1103NCD

390 110 FORMAT(1H ,13X,1CCa1/)

391 ¢

392 €

393 RMAX=RATIC(1)

394 £o 120 J=1.,11

395 FNAXSAMAXT(RYAX,RATIC(J))

396 120 CONTINUE

397 €

3198 WRITEC(E,130)

399 13C FCRMAT(TIH1,35X,"RATIC CF EFFECTIVE SOURCE WIDTH TO SCURCE WIDTH'/)
400 €

401 CEL={RMAX~1.3C)/1C.0

402 WRITECS,140)C1.0C+NEL-FLCAT(S)»J=1,1C)
403 160 FCRMAT(TH ,8X,"1.020°,1CC4xX,F86.3)7)
404

405 WRITE(A,150)INCE

406 150 FORMAT(IH ,12X,*'",10CA17)
407 €

408 WRITE(6,160GINCD

409 160 FORMAT(IH ,13X,10041/)

410 ¢

411 £C 2€C uU=1,11

412 C

413 DC 18C I=1,100

414 NCH(T)=4H

415 18C CCNTINUE

416 C

417 CAL=IFIX((RATIO(L)=1.C)*1C.T0/DEL)
418 C

419 IF(CALLGTLC.TY GC TC t®°S

420 NCH(T) =bhw

421 €C TC 187

422 €

423 185 J=CAL

424 NCHCJ) =6Hx

425 €

426 187 WRITEC(E,T1SCITHETABI(L) ANEH
427 190 FCRMATCIH L,F10.4,2%," 1, 1C0AT, 10,1
428 C

429 WRITE(£,195)

430 155 FCRMATCIH »12X,'!°,1C0X,"1%/)
431 C

432 2C0 CCNTINUE

433 ¢

434 WRITE(6,210)0NCD

435 210 FCRMATC(IH ,17X,100417)

436 €

437 €

4318 END



CRYSTAL ®ADILS JOF CuRVATURE = 25.40 (M
COMRDINATE CF CRYSTAL CENTER = L0000 (M

MALF-SECTOS® ANGLE DF CRFYSTaL = 12.03 PDRG

SALF-SLIT LeNGTH = c.s ¢~

c*LATTICE SPACING = £.5370 ANGSTRCMS

CRYSTAL LehNGTr = 10.1¢ (¥

SLIT COJPDINATES ALONG Y-AXIS = ~0.0150(CM, 0.7153

~14.3555 DEG

n

ANGLE CF ROTATICN OF (CRPYSTAL

YVINIYUM ERAGC ANCLE = 49,4713 DEG
MAXIMLY ZRAGC ANGLE = 51,6360 DES
FRAGC ANGLE SANGE = 12.1¢71 DEG
MINI¥UM X-34Y ENERGY = 2.10¢646 kv
VAXIMyYY X-RJAY ENERGY = 246320 KEV

ENERCY RANGE = C.332% «gV

CETECTCR LCCATION = ( 38,751%, -1.4C07,0.0200)

ERAGG ANCLF = 49.47 DEG.

IMAGE PANGE CN DETECTCR IS  ~¢.4145 CM T2 -¢.1732
IMAGE IS CFF CZETECTOR

EFFECTIVE SOLRCE RMEIGTH = 0.261€6 (¥

EFFECTIVE SOLRCE HEIGTH PATIT = 2.754¢

2RAGC ANGLE = ST.6% DEG.

IMAGE R&NGE CN DFTECTOR IS =5.0269 ™ T2 =4.5C03

EFFECTIVE SCLRCE REIIGTH = 2.2242 (Y
EFFECTIVE SCURCE RMEICTHM RATIC = 7.%385

ZRAGCE ANCGLE 51.91 C

m
(8
.

IMAGE RANGE CON DETECTCR IS -3.643¢ ™ T2 =3.46213

EFFECTIVE SOLRCE REIGTH = Ta2122 C¥

EFFECTIVE SOLRCES mREICTH RATIC = TLI742

TRAGC ANGLE = SEL.12 DEs.

IMAGE RANCE ON DETFCTZR IS5 =-2.2%441 IV T3 =2.0637
EFFECTIvE SCLRCL =2ICTH = TLZLTe LY

FEFZCTIVE SOLRCE =Z1CTH RATIC = A.ERTY

c“

CM

™
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pad
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2T ANTL
IMAGE

EFFECTIVE

EFFECTIVE
ZRAGE ANEGL
IMAGE RAMNG

EFFECTIVE

SFFECTIVE

EFFeCTIVE

EFFECTIVE

ZRAGE ANCGL

IMAGE RANG
EFFECTIVE

EFFECTIVE

m

RAGCE ANCGL
TMAGE RANG

EFFECTIVE

m

EFFECTIVE

ERAGEG

IMAGE
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£ ON DETELTCR IS Cag?59 o™
SCLR{E nIlIGTH = Ca1215 0¥
SOLRCE HIIGTH ZATIC = ©.7573
F o= 54,77 DEC.

£ ON DETECTOR IS 1.35864% ™
SIURCE nEICTH = C.1782 ¢
SOURTE HEIGTH ATIO = T 247
T = 57.59 PCES.

€ CN DETECTCR IS 3.26442 M

SaLRCE

£ =

€ CN DETECTCR IS buet243 oy

SOURCE HMEIGTH = Ca18%¢ (W

SOLRCE HMEINBTH FATIC = S.%41973
£ = (.62 DEG.
€ CN DETECTOR 1% t.3036 ™

IMAGE IS OFF CETECTOR

EFFECTIVE SOLRCE HEIGTH = Tole85 (W
SFFECTIVE SOLRCE WRIGTH RATIC = S.6233
ZRAGCE ANTLE = 61.54  DE3.

IMAGE RANGE CN DETELTCP IS 7.3%81 e
IMAGE IS OFF CETECTOS

SEFECTIVE SOULARCI =elfTw = r,17215 ¢v
EFFECTIVE SOULRCE HEILTH RATIC = S.71%4

T2 (.t71¢

T2 2.341%
T 3.41%1
T 4.773¢4
T2 6.1777
TS 7.569%

v

(4

™

(W



45,4715

5C.6384

53,1220

S4.%387

5€.7723%

57.%37238

6C.4223

61.6390

EFFECTIVE SOUR{E HEIGTH ON DETECTOR

0.C20 0.54C .0¢9 0.30872 7.%04 c.32C 0140 G.16C 0.18C C.200

901l



«5.4718 !

$C.6386 !

51.9053 !

53.12290 !

54.3387 !

55.5554 !

56.7721 1

57.9388 !

56.2056 !

606223 !

61.6390 !

RATIO OF EFFECTIVE SOURCE WIDTH TO SOURCE wIDTH

1.705 2.411 3.116 3.822 4.527 5.233 5.633 [T 7.34% 2,054
* ! * * ' i ! ! 1 y ¢ !
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FILE : FISHY FTN 11:%0 20 vMarR gt

FISHY.FTN

R R R
FRCGRA™ TC CALCULATE SPECTROMETER PERFORMANCE
EY FINDING THE INTENSITY CF THE IMAGE OF A
FINITE EXTENDED SLIT AS A& FUNCTICN OF PCSITICN
ALONG THE DETCSCTCR., THE PRCGRAY LTILIZES CGEOMETRY 2:
TRANSLATICN COF THE (CPYSTAL IS EMPLOYED TC VARY THE BRAGG
ANGLE RANGE.

F AR AR R R R R AR AR R AT R R R AR IR AR A A AR A RN AR R AR AR AR AN RS R AN RN A A AR Ak kd

DIMENSION YS($),Xx(9,21,21),%X3(21),N(20),NCH(100) ,NCDC100)
FI=2.0%ASINCY.C)
*x*x INTERACTIVELY ENTER INFUT PARAMETERS4**x

1 WRITSC(S,*)'TYPS "END" TO END, OTHERWISE RETURN'
FEAD(2,2}IPLCF

2 FCRMAT(A4)
TFCIFLOFLEQL END")CALL EXIT(D)

WRITE(S,+)'ENTER RO (CRYSTAL RADIUS 0F CUSVATURE) IN CM.®
READ(,*x)RHD

WRITE(S,*)'ENTER PSIMAX (MALF-SECTOR ANGLE OF CRYSTAL) IN DEG.'
READ(3,*)PSIMAX]
FSIMAX=PSIMAXT*PT/18C,2

WRITE(S,*) 'ENTER MALF-SLIT LENGTH H IN (M,
READ(Z,+)H

WRITE(S,*)'ENTER TWwOL (LATTICE SPACING) IN ANGSTROMS®
READ(3,+)TwWlC

WRITE(S5,*)*ENTER CL (CPYSTAL LENGTH) IN TN,
FEAD(3,*)CL

WPITE(S,*)"ENTER YMIN(CCCROINAYE CF BOTTOM OF SLITYIN (M.°
FEAD (3, %) YMIN

WRITE(S,*)*ENTER YMAX(COCRODINATE CF TQP 2F SLITIIN (V.
FEAD(Z,*x)YMAX

WRITE(S,+)'ENTER DESIRED 2RAGG ANGLE RANGE IN DEG.'
SEAD (I, A)THETAMINT,TRETAYAX]
THETAMIN=THETANMINT*PI/18C,0
THETAVAX=THETAMAXT*P1/18C. 7

Rk ok kR Rk R ARk R AR XA KR ARk kAR kR XA AR R AR hF AR A AR NN TR R b r b A h ke dh Rk d ok
* CESIRED &RASG ANCGLE FANGE DETESMINES THE ERAGG ANGLE TC +
* THE CRYSTAL CeNTER, "RETAZC. THIS IN Tu®N DETERMINES *
* THE VALUE 2F xC, TwE X=CCCROINATE OF THE COYSTAL CENTER.*
* THE aCTUAL =CAGG ANGLE RANCE AND ENERGCY RANGE CAN TREN *
* EE CALCULATELD. *
* *

LR R R R R R R A R R L R RS R R R RN

TRETAGC=(THETAVIA+TNETAMAX) /2,7
THETAECT=THETABC*180.C/PI

XC=RHCHCCS(THETABC)/SINCTHETABC)
THETAT=ATAN(RHO/ (XC~(CL/2.0
G

THETAZ2=ATAN(RHCO/ (XC+(CL/2Z.
CELTHE=THETAT-THETAR

ED)
IR

E1=12.394/(TWCD*SIN(THETAT))
€2=12.39¢/(TWCD*SINC(THETAZ))
DELEN=EZ-E1



74
75
76
77
78
79
80
81
32
83
84
85
86
87
83
89
20
21
92
93
94
95
&
97
98
99
100
101
102
103
104
135
196
1137
108
109
110
111
112
1132
114
115
116
117
118
119
126G
121
122
123
124
125
126
127
128
129
132
131
132
133
134
135
136
137
138
139
140
141
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3 WRITE(S,*)'ENTER THETAS (BRAGG ANGLE) IN 2EG.!
READ (2, %) THETAR]
THETAB=THETABY+PI/13C.0

TFCCTHETAS . GELTHETA2) L ANC . (THETAS,LE.THETAT)) GO TO 4
WRITE(S,*)"BRAGG ANGLE UNACCEPTAELE®
€c TC 3

#4+xFIRST QUTPUT PHASE*x+»

4 WRITEC(S,5)&M7

5 FCRMAT(1h ,'CRYSTAL RADILS OF CURVATURE = ',F&.2,2X,°CHM'/)

WRITE(S,€)THETASBY :
6 FCRMAT(1H ,'3RAGE ANCLE = ',F€.2,2%,'DEG"Y)

TWRITE(6,7)XC

7 FCRMBT(1h ,"COGROINATE OF CRYSTAL CENTER = ',f4.2,2%,'CM"/)

WRITE(6,8)PSINAXT

8 FQRAMAT(1IH ,*HALF-SECTCR ANGLE 2F CPYSTAL = ',F6.2,2X,"'DEC'/)

WRITE(6,5)H
9 FORMAT(IH ,'HALF-SLIT LENGTH = "4 FO.2,2X,'CM*/)

WRITE(S,10)TW(D
1C FCRMAT(1R ,*2xLATTICE SPACING = ',FR,4,2X,'ANGSTROMS /)

WRITE(S,11)CL
11 FCRMAT(TH »"CRYSTAL LENGTH = ',FR,2,2X,°C¥'/)

WRITE(4,12)THETAIX18C.C/PI
12 FORMAT(1M ,'MAXINMUM 2RAGE ANGLE = ',F6.2,2Y,'DEG'/)
WRITECH,13ITHETAZH18C,0/F]
13 FORMAT(TH ,"MINIVMLY ZRAGE ANGLE

H

'SF6.2,2%,DEGY /)

WRITE(6,14)DELTHE*T15C.2/F]

14 FCRMAT(IR L, *3RAGCE ANCLE RANGE = ',F6.2,2X,'DEG"/)
WRITE(S5,15)¢€1

15 FORMAT(1H ,'MINIYUM X-FAY ENERGY = ',FR,4,2X,"XEV'Y)
WPITECE,186)E2

16 FCAMAT(TH ,'"™AXINMLY X=RAY ENSRCY = ',F8.4,2X,"KEV'/)

WFITE(L,17)DELERN
17 FCRMAT(IM L, ENSRCY RANCE = ',FR,.4,2X,"KEVY/)

WRITEC&,T8)YNIN, Y¥AX
12 FCRMATCIN ,'SLIT COOPDINATES ALONG Y~AXIS = ',FS8,.4,'CM,
3 FR.4,'CMY /)
*ee s INITIALIZE ARRAY Xspann
LC 2¢ 1=1,6
0O 27 K=1,21
te 25 L=1,21
XCI,K,L)=0.0
25 CONTINUE

27 CCNTINUE

29 CCNTINVE



142
143
144
145
146
147
148
149
150
151
1S

153
154
155
156
157
158
159
150
161
1562
1463
164
165
166
1¢€7
163
149
170
171

173
174
175
176
177
173
179
180
181
182
183
184
185
124
187
138
189
1990
131
192
193
194
195
196
197
198
19¢
200
201
202
203
204
235
206
207
208
209
210
211
212
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~

[a)

110

RARRARA R AR R AA TR X RN AR R AR R AR AR AR R A PN AR R LR A AR R AR AR AR R R AR R kR

*
*
*
*
*
*
*

** K

-~

[Sr )
o

FAIN DO LCOP CF FRCGRAM, THE FINITE RECTANGULAR SLIT IS =
CIVICED INTO & EVENLY SPACE LINE SLIT SOURCES PARALLEL TC»
THE Z-4XIS. THE Y-CCCRDINATES OF THE SLITS ARE CALCLL- #
ATED AND STORED IN TwZ ARRAY YS. THE SUBROQUTINE IMDSTRB +
IS CALLED, wHICH CALCULATES THE X-COORDINATES OF THE LINEx
SLIT SOURCES, THESE VALUES ARE STQRED IN THE ARRAY X, *

Kk kAR kb nhrhhrx kb hhhbhrhrhhhhhorhrdrhhrhhthhhhhhhsrhhx

LC 31 I=1,6

YSCIY=YMIN+ (YMAX=YMIN)*FLCAT(I-1)/°.C

CALL IMDSTREB(THETAR,ESIMAX,RHC,THETABC,I,H/X,YS)
CCNTINUE

A h kA kAR Ak A A A AR ARAR AR AR R A AR AT A AR A A A AR AT AT ARk Ak h ok
INITIALIZE XMIN &ND xMaX,; THEN PRCCEED TO SET XMIN TC *
MINIMUM x-VALUE CF I¥AGE PCINTS FROM TOP SLIT, AND XMAX TC+
MAXIMLM x-VALUE CF IMAGE POINTS FROM BOTTCM SLIT. DELX *
IS TrE AaCTUAL IMAGE EXTENSION TN THWE DETECTOR, RATIO IS *
THE RPATIC CF ACTUAL IMAGE EXTENSICN TO ACTUAL SJURCE EX- =
SCURCE EXTENSION. *

I E R R R R R R R R R e R R R e R RS R NSNS ER]

X¥MIN=100.0C
X¥MAX==10C,"

LC 38 <=1,21
o 37 L=1.21

XNAX=AMAXT {XVMAX,X(1,<, L))
XMINZAMINT (XVINSX(9,%,0L))

CCNTINUE
CCMTINLE

CELX=XMAX=XMIN
WIITE(L, 29XV IN, XMAX

39 FCRM™AT(IK ,'IVAGE SANGE CN DETESCTCR IS ',F3.4,2X,' C¥ TO',

40

$

FELLs2X,0CN" )

WRITE(SL,4CICELX
FCRMET (1K ,'EFFECTIVE SOLRCE HEICTH = ', FR.4,' (M'//)

Ak AARN AR ek kR A AR IR AT AT AN A ATk A hh bbb a sk kb kb kTl kok

* % * *

CHANCE VALUES CF XMIN ANC ¥MAX FCR PLOTTING PURPOSES., *
TC BE USED IN THE PLST OF INTENSITY CF COLLECTED Xx=~RAYS #
VS. X ON CETECTOF. *

KARRAREAN AN R A RA AN AR A AR TR RR RN A r A AR P XA R A RN RN IR A SRS AR Rk Rk ok

XMAXT XMAX+(AGS (x¥AN=XxNMIN))/2.1
XVMIN=XMIN=(ASS(XMAX=XMIN))/2.0

AR R R S R SR R N A A R R R R R R R R R AN SRR EE S R RN

IR R SRR R AR E R SRR E S S R R R R R A R A R R R A R S R R R EE NS RPN E LR R R RN R

41

CIVICE THE RANGE XMIN TO xMAX INTC 21 SQUAL INCREMENTS,
STAORING TmESE VALUES IN THE ARRAY X3, FOR EACH IMAGE POINT
IN THE ARRAY X, DETERMINE FOR WHICH ™ XB(M)<KX<XB(M+1), FC®
M BETWEEN 1 aND 2C., FOR THIS ™M, ADVANCE THE COUNTER N(M)
EY GhE. CONTINUE FOF ALL IMAGE FCINTS.

DC &1 M=1,21
XE(M)=YMIN+(XMAX-XMIN)«FLCAT(¥=1)/20.0

CCNTINCE

*
*
*
*
*
*



213
21e
215
216
217
218
219
220
221
222
223
224
225
226
227
223
229
230
231
232
233
234
215
236
237
238
239
240
el
242
263
2646
245
24¢

266
267
2638
269
270
271
272
273
274
275
276
277
278
279
230
231
222
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N(M)=C

5C CCNTINUE

LC oC I=1.,¢

0C &C x=1.21

bc 7C L=1.,21

DC 4C “=1,20

TFCOX QTP L)L TaXE(M)) 0GR, (XCIsKAL)LGTXB(M*T))) GO TO 6C

MCM) =N (M) +1
¢c ¢ 79

&0 CONTINUE
7C CONTINUE
80 CCNTINUS
27 CONTINUE
»#%«SECCAU SUTPUT PHASExwws
WRITE(£,100)

13D FCRNMATCIH ,5%, " X3(I) ", 9%, "N(I) ' /)

C¢ 1¢C 1=1,2"

WRITE(5,112)XB(IY,NCT)
112 FSONAT(IH LF1C.4,2%,1107)
12C CCNTINUZ

WRITE(S,120)x2(21)
130 FCRMAT(IH ,F1C.4)

tC 14C 1=1,10C
ANCDCI)=TH-
NCHCI)=1H

142 CCNTINUE
CALL SARP(N,X8,NCD)
cc TC 1

END

SUBRCUTINE IMDSIRE(THETAE,PSINAX,RNO,THETARC, I, H,X,Y8)
RAARARRRAN R AR R A A O R AN AR R AR AR R AN AR A R A AR RS R AR R AR R AR R A RN RN A A ARA KA
* THIS SUIRQUTINF TAKES THE 830VE INPUT PARAMETERS AND CAL- *
* CLLATES THE X-COCRDINATES CF THE IMAGE POINTS, STORING THE®
* VALUES IN THE ARRAY X, %
R RS R R KRR KRR A AN S AR A NN AR R RN R R AR R AR RN R AR A AR R AR AR AR R AR NARNRA

CIMENSION YS(9),%x(5,21,21)

tc SC k=1,21

FSIVAR=PSIMAX®(1,C~2.0*(FLOAT(K=1))720.D)

CC 4C L=1,21

IS=2.C+H*FLOAT(L~1)/2C.0~H



283
224
235
286
287
283
239
290
291
292

234

322
323
324
325
326
327
328
329
330
33
332
333
334
335
336
3317
338
339
349
341
342
343
344
345
34e
347
348
349
350
351
352
3153
354

Ia)

20

50

w
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T12SIN(PSTIVAR)
T2=CCS(PSIVAR)
TE=SIN(THETAR)
Te=CCS(THETAR)
T?=TE/TS
T3=T1/T2

SSIN(TRETARL)
SCCS(TRETARC)

IF(PSTIVAR,E2.0.0) 30 TC 2C

1C=72/711

2E=(IS*T2=YS(I))/(T2+4T3)
AE=SCRT((YS(TI)*TS*ZIDH) w*2+(IS=717)+»2)
BS=S0RT((RHO*T2~I3 4TI #x+(I3-3HCATT)*#2)
[ SO

P
RRC+YS(I)

¥
s
XS=SCRT(T7«#24654%2-88wx2)
BD=YS(I)=(2285#T2)
EE=((FHORT2+4DD)/ (~XS5))I+573
XDz (SIxx2#CHCA2=9D)/CE
XCLoksL)=(XD-24RH2*ST) /(~51)
CCNTINUE

CONTINUE

END
SUBRCUTINE 3AR(N,XB,KCD)

THIS IS THE FLOTTING SUBRCUTINEx*ws
CIMENSION XR(21),N(23),NCDCICO),NCH(T100)

WRITE(4,8)
FCRMAT(THT,&SXx, " INTENSITY")

WRITE(6,10)INCC

FCRMAT(1H ,12x,12C0217)
CC 100 J4=1,20

Lc 2C I1=1,10C

NCHCT) =4h

CONTINUEG

CC 3C I=1,N(J)/1C
NEW{TI)=4H"

CONTINUE
WRITE(6,40)X2CI) A NCHANTH
FCRMAT(IH L F1C.46,2X "0, 10081, 713X, 10081, 0 )

CCNTINUE

WRITE (6,110
FCR¥AT (1= ,12x,10041/)

EAD
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CRYSTAL RADILSE CF (yu@vATURI = 29,45 (¥

(1}

RAGE ANGLE = 2€.40 D&%

COORCINATE JOF CRYSTAL CENTER = 40,07 (v
RALF=SECTQR ANGLE COF CRYSTAL = 12,07 DEC
FALF=SLIT LEANGTH = J3.50 (¥

S*LATTICE SPACING = £.5873 ANTSTRLMS
CRYSTAL LENCTh = 1C.14 ¥

MAXIMUM BRAGC ANCLE = 34,03 DEC

MININ¥LM BRAGC ANGLE = 29.40 DEC

ERAGG ANCLE RANGE = 4,53 DEC

MINIMUM X-~RAY ENERGY = 3.1917  KEV

MAXIWMLM X~RAY ENERGY = 3.7762 KEV
ENERGY RANGE = De5249 KEV
SLIT COORDINATES ALSNG Y-AXIS = ~0,215G6(4, 2.0150¢Cw

IMAGE RANGE CN DETECTCR IS ~5.0042 (M TD -6.28233 (™

EFFECTIVE SOLRCE HEIGTH = C.1235 ¢~

X8(I) NCDD
-5.099¢4 C
~5.0355 G
-5.03716 o}
-5.0577 G
~5.0638 C
~5.Ce%9 c
-5.01¢3 12¢
-5.0021 674
~4.9832 91
~4,9744 512
-4.96(5 672
=4 .9465 4C¢
~4.9327 382
=4.912% 23¢
-4.5049 1C¢
—4,3619 1%
4,577 C

=4,2872

[}

~4.8463

)

=4.2254

ca

-4.8215
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FISHRCTLFTN

AR E XA AR AT R AR AR AR R A AR AR ARk A P kAR A RN R R AN AR AR A AR AN AN
FRCGEA™M TC CALCULATE SPECTPOMETER PERFORMANCE

BY FINDING THWE INTENSITY CF THEZ IMAGE GF A

FINITE EXTENDED SLIT AS A FUNCTICN CF POSITION

ALONC THE DETECTCR. THE FROGRAM UTILIZES GEOMETRY 3:
RCTATICN CF ThE CRYSTAL ALTERS THE BRAGG ANGLE RANGE,

R R R R R R R A R R RS R R RS E SRS RS SRR

CIMENSION YSCS),X{9,21,21),X5(21),NC20),NCHCICD),NCDCTIOD)
CIYENSTION YSR(S)

PI=2.C*ASINCT1.O)
INTEFACTIVELY ERTEF INPUT PARAMETERS*#xaxn

WRITE(S,*)'TYFCS "END" TO ZND, OTHERWISE RETURN®
READ(3,2)IFPLCF

FSRAMAT(AL)

IFCIFLOFLEQLYEND ) CALL EXIT(O)

WRITE(S,*)'ENTER RKD (ZRYSTAL PACIYS OF CLRVATURE) IN CHM.'®
READ(Z,%)RHD

WRITE(S,*)*ENTER XC (CCORDTINATEZ CF CRYSTAL CENTER) IN CM.®
READ(Z,»)xC

WRITE(S, ) 'ENTER PSINAX (HALF-SECTCR ANGLE OF CRYSTAL) IN DEG.
FEAD(I,*)PSIVAXT
ESIMAX=PSIMAYT#PT/18C,C

WRITE(S,#) "ENTER HALF-SLIT LENGTH H IN (M,
FEEAD(I,*)H

WRITE(S,#) ENTER TW3l (LATTICE SPACING) IN ANGSTROMS'
READ(ZI,*+)TwdD

WRITE(S,*)"ENTER CL (CRYSTAL LENGTH) IN CM,*
REAS(3,+)CL

WFITE(S,*) ENTER YVMIMN(COCRZINATE ZF EBQTTOM OF SLITYIN CM,.!
FEAD(3,*)YMIN

WRITE(S,*) ENTER YMAX{LOCROINATE CF TC® OF SLIT)IN CW.'
READ(2,+)YVAX

R R R R R R R I NI mmMm

CESIRED FPAGE ANCLE RANGE PETERMINES THE EPACG ANGLE *
TC ThE CRYSTAL CENTES, THETAT({,; THIS AND XC DETER- *
MINE THE ANGULE OF ROTATICN CF THE [RYSTAL ALPHA *
Y R R I I ImI™

WITTE(S, ) ENTER CTSIRED 204%5C ANGLE PANGE IN DES,!
BEA2(T, e)THETAMINT, THETANAX]
THETAMIN=THETANIANI#PT/ 120,10
THETAVAX=THETAMAXT4P [/ 18C, 0

L R R R B i I S AR O SR S S S Y 2 T T
THETAZC, ALPHA, DETECTCR PCSITION, AND SLIT CCORDINATESH
ARE ANOW CALCULATED. *

LR R R R R E R R R g B S S Y s s T
YSO=(YMIN+YMAX)/ 2.0

THETAGC=(THETAMAXTHETAMINI/2,D
THETABCTI=TRETAR(*185,.2/P]
ALPHAZATENC(RRO+YSD) /X)) =THETARC

CAMMAO=THETASC=ALPHA

CEN=C(YSCHRHI-FHIwCOSCALFRAY)/ (XC+RHC*SINCALPHA)))+#TAN(GANMA)
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XD=(YSC+QHO+XC*TAN(GAMMA))/DEN
YO=TANCGANMA) &« (XD=XC)~RAHC

WRITE(S,+)'ENTER THETAR (BRAGG ANGLE) IN DEG.'
FEAD(3,%)THETAB]
THETAE=THETA21#PT/13C,0

ax**END CF INPUT FHASE, START FIRST CLTPUT PHASE+w*«

WRITE(4,2)23HC
3 FCRMAT(IH ,*CRYSTAL RADIUS OF CUSVATURE = *,F6.2,2X,'CM' /)

WRITE(S,4)THETABY
L FCAMBT(1h ,'SRAGS ANGLE = ',Fel2,2Y,'06C'/)

WRITE(4,5)XC
S FCRMAT(1h ,'CCORCINaIE CF CRYSTAL CENTER = ',F56.2,2X,'CM'/)

WRITEC(H6,c)PSINVAXT
6 FCRMAT(1H ,'HALF=SECTOR ANGLE OF CPYSTAL = ',F6.2,2X,'DEC'/)

WPITE (6,704
7 FCAMAT(1hm ,'HALF-SLIT LENGTH = ', F6,2,2X,"'CM'/)

WRITE(6,2)TAC0
3 FCPYAT(IH ,'2#LATTICE SPACING = ',FE.4,2%X,"ANGSTRCMS' /)

WRITE(E,S)CL
5 FCRMAT(1h ,'CRYSTAL LENGTE = ',F2.2,2%x,'CNM'/)

WRITE(H,1E)YMIN,YMAX
1R FCRVAT(14 ,'SLIT (CODINATIS ALONC Y-AXIS = ',F8.4,'(M, ',
4 FELG T C™Y )

WPITE(S,2CYELFHACTR], T/PT
20 FCRMAT(1w ,'ANZLE CF R2TATION °F (RYSTAL = ',f8.4,' CEG'/)

WEITE(E,280XD YD
22 FCRMAT(1W ,'CETECTAR LCOLATICN = (',F9.4,°, *,F2.4,',0.00CC0)' )

exew INITIALIZE ARGAY Xwewwsx
LT 2% I=1,¢
ce 27 k=1,21
£o 2¢ L=1,21
X(I,X,L)=C.)

25 CONTIAUE

27 CCNTINUE

26 CCNTINUE

TR AARA R AR AT AN ARAANR R RA AN IR A AT RPN IR AR AR AN R AN RN RN
. MAIN DC LCOP CF PROGRAM, THE FINITE RECTANGULAR SLIT IS #
* CIVICED INTZ G EVENLY SPACED LINE SLIT STURCES PARALLEL
* TC TRE Z-AXIS, THE Y-COIRDINATES YS ARE CALCULATED AND »
* STORED IN AN ARRAY; ThE PCSITIONS CF THE DETECTOR AND *
. CRYSTAL CENTER ARE THEN FCUND, AS WELL AS THE ACTUAL .
. ERAGG ANGLE RANGE AND ENERGY RANGE, AFTER THE COORDINATE=
b TRANSFORNMATICN IS PERFCRMED, SUSRCUTINE I¥DSTRI IS THEN
* CALLED, AND ThE X~COCRDINATES CF THE IMAGE POINTS ARE o
* CALCLLATED FCR TrE LINE SLIT SOURCE, THESE VALUES ARE L
. STCRED IN THE &RTAY X, hd
* *

LR R R O R R e AL R RS R Y
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203
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LC 31 I=1,%
YSCI)=YMIN+(YVAX-YMIN)«FLCAT(I-1)/8.0
XCR=XC*CCSCALFPHAY+(RHC*YS(I)I)I*SIN(CALPHA)
YSRCID=(YSCI)¢FHMCI®CCSCALPHA)~XC*SIN(ALPHA)~RHD
THETAT=ATANCCRIHSHYSROIIDI/(YLR=D,5+CL))

THETAZSATANC(RHI+YSRCII)I/(XCR+D ,5«CL))
CELTRE=THETAT-THETA2

ET1=12.39¢/(TWCD*SIN(TKETAT))
E2=12.39¢/(TWCOXSIN(THET22))
CELEN=E2-E1

XCR=XDa#CCSCALPHAI+(YS(ID-YDIASIN(ALPHA)
YOR=(XD~XCY*SINCALPHA)+(CHTO+YD)I*LCS(ALPHA) "RYL

CALL IMDSTRR(THETAT,FPSIMEX,RHC,THETABC,I,HoX,YS,YSR, XDO,YDR)
31 CCNTINUE

I R R R E R R R R R R IR EEE SRS RRRER RS AR R E RS RS R E R NESESEE AN ENENERNE X BRI
* INITIALIZE XMIN AND XMAaX; THEN PRCCIED T SET XMIN *
*» TC MINIMLM X-VALUE OF T¥&GE PCINTS FROM™ TCP SLIT, AND «
* XMAX T2 MAXIMUM x=yaLLE CF IMA4GE PCINTS FRZM ROTTCHM *
. SLIT. DELX IS TWE ACTUAL IVAGE IxXxTINSION On THE DETEC-=
* TCR, RATIC IS THE PATIC CF ACTUAL I%AGE SXTENSION TC *
* BCTUAL SCLRCE EXTENSIZH, *
*

AA KA R KRR AR A RN R TR AR AR ARAR R R R AN TR A A RN AT A AR A TR R AR A AR R AR

X¥MIN=102.C
xvax==12C.C

LC 3¢ Kk=1,21
CC 37 L=1,21

XMAX=ZAMAXTOXMAX, X(1, %, L))
AXNMIN=AMINT(XVYIN,X(Q,x,0L))

37 C(CNTINUE
38 CCNTINUE

CELX=AMAX=XMIN
WRITEC(S,Z3)XYIN,XVAX
35 FCRMAT(1~m ,'INAGE RANGE CN DETECTCR IS ',FB.4,2X,' CV TO',
4 FEabr2x,0C7°% /)

WRITEC(L,4C)DELX
40 FORMAT(T1H ,'EFFECTIVE SCLRCE KEICTH = ',FR.4,"' CH*'/ /)

AR AR AR R R R AR R A A AR AR RN AN AR R R R TR AR R R R RN AR A AN IR R e AR RN AR AR A AR ARG E
* CrANCE THE VALUES SF XMIN AND YMAX FCR PLCTTING PURPCSES, TO
* EE USED IN TwgE PLCTS CF INTENSITY CF COLLECTED X~RAYS VS. X +

AERRAAN A A AR T AR AT A AR AR AR AR TR AR PR AR AR A AR R R LT RN AN AR R AR R AR R R SR

XVAX=XMAX+ (ARS(XxVAaX-X¥MIN)Y) /2.0
XPINZXMIN=(ARS(XNMAX-XMIN))/2.C

A R R N T s r IImmnInInmnmmmMmMmI ™
* CIVICE THE RANGS xWIM TO XMAX INTC 21 £3UAL INCREMENTS, STCRE«
* THESE VALLES IN Th® ARFAY XE. FCR £aC4 I¥ACE POINT IN THE *
* ARDAY X FCR & GIVEN SLIT &«SICTH YS, (HECK IF THE I%ACE PCINT »
* LIES IN THIZ REGITN KS(M) T2 X3(M+1), AS M VAQIES FROV 1 TC 2(C+
* IF X IS IN THIS REGITN,ATVANCE ThE CCUNTER N(M) BY 17 IF NCT,»
. ACVANCE M AND TEST THE IMACE POINT X AGAIN. »
R R R R R R S R g g R N Y S S Y R R R R A ]

BC 41 M=1,21
XE(NI=XMIN+(XV¥AX=X¥IN)}*FLCAT(¥~1)/2C.

41 CCNTINLE
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226 €

227 £C sC mM=1,23

228 ¢

229 N (M) =C

230 ¢

2N ST CONTIANUE

232 ¢

233 ¢

234 ¢

233 8 SC I=1,09

236 ¢

237 Lc 38C x=1.,21

232 ¢

239 te 7¢ L=1,21

240 ¢

241 £c 6C ™=1,20

242 ¢

243 TRCUX (I K LY LTOXE(MI) 08, (X(T,ksL).OTuX3(M+T1))) GO TO 60
264 C

245 N(MYsn(v)+1

246 ¢C T1C 7C

247 ¢

248 60 CCNTINUE

249 ¢

259 7C CCNTINUE

251 ¢

252 8C CCNTINUE

253 ¢

254 90 CCNTINUE

255 €

256 C **x*xSECOND SUTPUT PHASE=+x+

257 ¢

258 WRITE(S,1C0)

259 100 FCPMAT(MH ,5X,"XBCI) ', 99X, 'N(I)'/)

260 ¢

2451 €

252 £C 1¢C 1=1,20

263 WRITECE,1100X2C1), N (D)

244 110 FCAMATC(IH »F13.4,2%X,110/7)

245 €

266 120 CCNTINUE

267 WRITE(S,130)Xx5(21)

253 13C FCRMAT(1R LF10.4)

259 €

270 ¢

271 bC 140 I=1,1CC

272 NED(I)=1h-

273 hCHCID)=1H

274 140 CCONTINUE

275 C

276  C *w*xCALL PLOTTING SUPROUTINE#w+~

277 ¢

278 CALL SAR(N,XE,NCD)

279 ¢

230 GC TC 1

221 ¢

292 END

293 SU3RPCUTINE IMDSTRE(THETAS,PSIMAX,RHO,THETARC, I, HsX,YS,YSR,XDR,YDR)
234

285 E H R KKK R A A A AR A AR N A AR AN A AN AR AR R R A e e R AR RN R T TR AR AR RRRANN AR R kd ke hn
286 C » THIS SUENOLTING TAKES THE A2IVE INFLT PAPAMETERS AND (ALCULATESH
237 C « THE X-CCORDINATES CF THE IMACE PYINTS, STORING THE VALLES IN *
238  C + THE ARRAY . *
229 L Harad e r e e R X XA R I X A AN T NN SRR R RN AN AR T R AR KR AT R A AN A TR NN R AR AR Rk h A A&
260 C

291 CIMENSION Y5(5),¥(9,21,21),Y89(9)

292 ¢

293 L st x=1,21

294 €

293 FSIVAR=PTIVMAX*«(1.0-2 2% (FLCAT(X=1))/2C2.2)
2945 €

20 te &8 =121

292 C

299 252, e FL2AT (-1 /77000 k
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321 T1=SIL{PSIVAR)

232 T2=CCS5(PSIvary

703 TS=SIN(THETAT)

304 TE=CCS(THETAR)

205 T7=TE/TS

304 TE=T1/72

307 ¢

308 S1=SIN(THETA3C)

309 $2=CCSCTHETAEL)

310 €3=52/51

311 ¢

312 TF(PSIVAR.EZ,C.0) GC TC 2C
313 ¢

314 13=T2/71

318 16=(2S*TE=YSR(III/(TS+T9)
216 AESSARTC(YSRCII+TG#23) #w24(25-23)*#2)
317 FSTSGRT((AHO*T2I=IEaTS) *# 2+ (IE-QAC*T1)I*%2)
318 GC 7TC 25

319 ¢

320 2n AE=1S§

321 ES=RMC+YSR(I)

322 ¢

323 25 XS§=33AT(T7#w2*58wx2~23uxy)
324 LO=YSR{II=(2+35%T2)

325 EE=C(RHO*T2+DC)/ (=XS5))+52
326 C

327 XINT=(XDR*S3I+YDR=DD)/EE
328 ¢

329 XCI K, L)=(XDR=XINT) /S

330 ¢

331 40 CCNTINUE

332 ¢

133 SO CCNTINUE

314 ¢

335 END

336 SUBRCUTINE 3&R(N,X3I,ANCD)
3137 ¢

338 C #wxxTHIS IS THE PLOTTING SUBRCUTINE##wx
239 ¢

340 DIMENSION XB(21),NI{20),NLDCI0C),NCHC10D)
341 €

142 €

343 WRITE(E,2)

344 3 FCRMAT(IM1,65%, INTENSITYY)
345 €

346 C

347 WRITE(S,1CONCD

348 10 FCAOMAT(IR »123%,100817)

349 ¢

350 tC 1CC J=1,2C

351 ¢

352 oC 2C 1=1,1C0

353 NCHEI)=4H

354 20 CCNTINGE

355 ¢

35¢ MIN=MINSC(IS00, 80D

157 ¢

358 TC 2C 1=1,%IN/1D

359 NCH(T)YT4ps

340 0 CONTINUE

351 ¢

362 WRITEC(E,LCIX3CI) ANCH HCH
3163 40 FCOYAT(TR ,F10a6s2X, "1 10081, 7 713X, "1 100481, /)
364

255 ¢

254 130 CONTINUE

367 ¢

%2 ¢

369 WRITECA,11505CC

370 117 FCOMBT(I® ,17X,100817)

371

172 ¢

372 END
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Appendix F. Computer Program for Spectrometer Operation

conditions of von Hamos spectrometer, energy scaling, and expected resolution
and collection efficiency. The program is written in FORTRAN on a VAX 11/785
system. A sample output file is also appended where standard source and
detector parameters are defined in the program and the following parameters
are input:
X~-ray region of interest = 2.089 to 2.325 keV.
Projectile energy/amu = 2.6 MeV/u.
Crystal half-height in degrees = 7.8°,
Crystal and 2d(R) = Quartz(1011), 2d = 6.687A.
Specific line energy and channel number = 2,1387 keV ® channel 1180
requested channel number energies = 1180, 1156, and 2320.
Energy scaling using two known energies = 2.1369 keV @ channel 1156 and
2.1387 keV @ channel 1180.
Requested channel number energies = 828, 874, 910, 978, 1099, 1156, and 1180.
Est. efficiency at lab energies 2.1368 and 2.1164 keV.
Expected count rates for 50 nA, Sill* on 5 ug/cm? of target with x-ray pro-
duction cross-section of 1 X 10-20 cm2.

The results are pertinent to data of figs. 29 and 30.
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VHHELP—~ VON HAMOS SPECTROMETER HELP PGM.
PROGRAM FOR CALCULATION OF OPERATING PARAMETERS OF VON
HAMOS SPECTROMETER.

Negative energy input means rest-frame enerqgy, i.e. source

moving with beam velocity wrt detection system.

DIMENSION E1(3),Er(3),theta(3),Fn(2),twod(5),axtl(10),E(2),Ecal(2),
1Resolp(5),Refl(5)

DOUBLE PRECISION YN, axtl

Standard operating parameter list

crystal parameters

Itag=0

twod(1)=10.648

twod(2)=6.687

twod(3)=4.027

twod(4)=2.715%

twod(5)=9999.

resolving powers and integrated reflectivities
Resolp(1)=8200.

Resolp(2)=7700.
Resolp(3)=27000.
Resolp(4)=99999999.
Resolp(5)=999995999.
Refl(1)=9.0E-5
Refl(2)=1.23E-4
Refl(3)=1.5E~-4
Refl(4)=0.0
Refl(5)=0.0

crystal names
axtl(1l)="ADP"’
axtl(2)="(101)"
axtl(3)="QTzZ"’

axtl(4)="(1011)"
axtl(5)='"LiF’
axtl(6)="(200)"
axtl(7)="8i"
axtl(8)="(100)"’
axtl(9)="NONE’
axtl(10)="(—-==)"

special notes for the various available crystals.

geomteric and mechanical parameters

wresS=0.010

1x=4.0

hx=4.,0

rhox=10.0

xoffset=-76.24

detector parameters

f1d=4.26

dxoffst=-125.6

droffst=100.0

drfac=19.1

det dispersion in inches per channel. measured for det "B" 5/1/86.
ddisp=0.0014672

det "A" had a disp. of 0.001386 in/chnl, measured 3,/16/85.

det "B" measured electronic (pulser) resol. of 4.5 chnls*ddisp.
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wresD=0.0066

c det"B8"signal midpt=low chnl+hi chnl/2, chnls are where cts start&stop
idxo=1874
idstrt=400
idstp=3300
type 300
300 format(’ OUTPUT WRITTEN ON FILE -- FOR091.DAT;#, in this SUBDIR.')
c
10 continue
c
c INPUT OF X-RAY REGION OF INTEREST AND PROJECTILE ENERGY.
TYPE 100
100 FORMAT(' Enter rest-frame x-ray energies and projectile energy/u.')
accept 101, Erl,Erh,Epro
101 format(3f)
Erl=abs{Erl)
Erh=abs{Erh)
c branch to "specific dial settings calcs" if Erl=0.0
C I1f Epro N.E. 0.0, enter psimax, height of crystal in degrees.

fpsimax=0.0
if(Epro.EQ.0.0) go to 1013

type 1011

1011 format (' enter crystal acceptance half-height (degrees)’)
accept 1012, fpsimax

1012 format(1¥)

dpsimax=fpsimax
rpsimax=fpsimax/57.296
if(fpsimax.LE.0.0) rpsimax=0.1972
if(fpsimax.LE.0.0) dpsimax=11.3

C doppler factor calc--shift in line enrgy due to crystal opening angle
Dopfac=(1.0+cos(rpsimax)})/2.0

1013 continue

C

c 1st calc. gamma, and beta

gamma=1.0+abs(Epro/931.50)
beta=(sqrt{gamma**2.0~1.0))/gamma
if(Erl.LE.0.0) go to 105
if(Epro.EQ.0.0) go to 102
beta=beta*(Epro/(abs(Epro)))

102 continue
Er(2)=(Erl+Erh) /2.0
if(Itag.GT.0) go to 200

105 continue
type 110

110 format(’ Enter crystal 2d(angs), hit "return" if unknown.')
accept 111, twodx,norder

111 format(1l¥,1T)

fordbest=float(norder)
if(norder.LE.Q) fordbest=1.0
ctwod=twodx

if(twodx.LE.0.0) go to 120
ibest=99

do 112 I=1,5
if(ctwod.EQ.twod(I)) ibest=I

112 continue
if(ibest.NE.99) go to 113
type 114

114 format(’ crystal not found in stock list.')
go to 105

113 continue
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120

150

155
156
200

500

501

1111

125

ixtl=2*ibest~1

ixt2=ixtl+1

type 115, axtl(ixtl),axtl(ixt2),ctwod

format(’ crystal chosen is ’'2A67 with 2d(A)= '1F7.4)
cch=fordbest*12.3981 /ctwod

ibest=1

if(twodx .GT. 0.0) go to 200

continue

auto selection of "best" crystal based on angle to reach Er(2).
lstheta=0.499¢9

branch for "specific dial settings calcs." where twodx must be set;
if xray energies given in projectile frame, for example.
if(Erl.LE.0.0) go to 105

fordbest=1.0

do 150 n=1,2

forder=£float(n)

do 150 1=1,5

cb=forder*12.3981 /twod (1)

El1(2)=(Er(2)/gamma)+beta*cb*Dopfac

stheta=ch/E1(2)}

if(stheta.GT.0.940) go to 150

if(stheta.LT.0.4999) go to 150

if{stheta.GT.lstheta) ibest=1

if(stheta.GT.1lstheta) fordbest=forder

if the diff. order (norder) was input explicitly, set it here.
if(norder.GT. 0) fordbest=float(norder)

lstheta=stheta

continue

ccbh=fordbest*12.3981 /twod(ibest)

ixtl=2*ibest~1

ixt2=1ixt1l+1

type 155, axtl(ixtl),axtl(ixt2),twod(ibest)

format (' The best crystal for this energy region is '2A6’ ,2d='F6.3)
if(fordbest.GT.1.0) type 156, fordbest

format(' Note that this requires order='1£2.0* diffraction.’)
ctwod=twod(ibest)

continue

SPECIFIC DIAL SETTINGS CALCS. ROUTINE

if(Erl.GT.0.0) go to 555

type 500

format ('’ Enter specific xtal and detector dial settings:'/

1’ xtal dial, detector linear dial, and detector rotational dial.’)
accept 501, cxctr, cdxctr, cdrctr

format{3F)

calc of xo and dxo using these settings.

xcntr=cxctr

dxcntr=cdxctr

drentr=cdrctr

xo=(xcntr-xoffst) /40.

dxo={dxcntr~dxoffst)40.

theta(2)=atan(rhox*2,0/dxo)

El(2)=ccb/(sin(theta(2)))
Er{2)=gamma*(E1l(2)-(ccb*Dopfac*beta))

ck. drcentr to make certain detector is. reasonably perpendicular to
central ray.

pdrctr=droffst-drfacxtheta(2)

type 1111, pdrctr

format(’ best det. rot. dial setting is '1£5.2)
cdrthe=(droffst-drcentr)/drfac

mxrctr=pdrctr+0.75



520

555

560

310

311

312
313
315
316

317
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mnrctr=pdrctr-0.75

if(drcentr.GT.mxrctr) type 520, pdrctr,drcntr

if(drentr.LT.mnrctr) type 520, pdrctr, drentr

format(’ Chosen rotational setting will not yield high resolution.'/
1 At this det. linear position, the rotation dial should be set
lto '1F8.3,/' Calcs. will proceed using dial setting '1F8.3)

make 1lst order correction for off-normal det. rotation
deldr=(drcntr~pdrctr)/drfac

ddisp=ddisp/(cos(deldr))

go to 560

continue .

calc of Bragg angle for mid ray.

E1(2)=(Er(2)/gamma) + beta*ccb*Dopfac

theta(2)=asin{ccbhb/E1{(2))

calc of x0" to place E1(2) at xtal center.

xo=rhox/(tan{theta(2)))

dxo=2.0%*x0

xcntr=40,0*xo0+xoffst

dxcentr=40.0*dxo+dxoffst

drentr=droffst-drfac*(theta(2))

continue

calc energies intercepted by the detector, assuming normal to mid ray.
fL=sqrt{rhox**2, + (dxo/2.)**2.)

delthe=atan{£f1d/(4.*£fL))

themin=(theta(2) - delthe)

themax=(theta(2) + delthe)

El{l)=ccb/(sin{themax))

El(3)=ccbh/(sin{themnin))

Er(l)=gamma*(El(1l)-beta*ccb*Dopfac)
Er(3)=gamma#*(El(3)-beta*ccb*Dopfac)

Resolution estimate assuming 10mil wide source slit and 6mil det res.
Doppler width, due to psimax crystal opening height, also included
Dopwdth= 1000.*(1.0 - cos(rpsimax))#*beta*cch

if(Epro.GT.0.0) tyve 3021,Dopwdth

if(Epro.GT.0.0) write(91,3091) Dopwdth

format(’ Doppler line width estd = "1£7.2' eVv'")

weff=sqrt(wresS**2.0+wresh**2.0)
resol=500.*weff*E1(2)*(cos{theta(2)))/rhox
resol=sqrt(Dopwdth**2. + resol**2.)

output written to for091.dat

write(91,310)

format(//,' OUTPUT FROM VHHELP.CRV'’,//)

if(Er1.GT.0.0) write(91,311) Erl,Erh

format(' x-ray rest~frame region of interest is 71F7.4

1 to '1F7.4' kevV')

if{Epro.EQ.0.0) go to 313

write(91,312) Epro,gamma,beta,dpsinax

format(' Emitting projectile energy is ‘1F4.1' MeV,/u, gamma=
171r6.4" , beta= "1£7.5,/’ crystal psimax= '1£5.2' degrees.’)
continue

write(91,315) axtl(ixtl).,axtl(ixt2),ctwod, fordbest

format(,/’ Crystal of choice is 2286’ ,2d(Aa)='1£f7.4' ,order='1£2.0)
write(91,316) E1(1),EL(3)

format(’ Lab frame energy range of det. = ’"1F7.4' to’lF7.4' keV")
if(Epro.EQ.0.0) write{91,317) Er(1),Er(3)

format(’ This corresponds to '1F7.4’ to’ 1F7.4' keV at rest.')
output positioning information for xtal and detector.
if(Erl.GT.0.0) write(91,323)

if(Erl.LE.0.0) write(91,324)
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326
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440
488
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450

455
456
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format(//,' Calculated optimum operating conditions: ')
format(//,' You chose operating conditions: ')

type 325,xcntr

type 326,dxcntr

type 327,drcntr

type 328, E1(2), resol

write(91,325) xcntr

write(91,326) dxcntr

write(91,327) drentr

write(91,328) E1(2),resol

format(' crystal dial setting = '1F8.2)

format(' detector linear dial setting = 71¥F8.2)
format(' detector rotation dial setting = *1F8.3)
format (/' Expected energy resolution at '1F7.4' keV is ‘1F5.27 ev.')
write (91,8888)

Format(/f *kkkdkkdk ko kkdhhhhohkkhhk ok kA ok kk &k dodok ok dokodkok ok k ko k ok ok ok koK ok Kok ok
Lhkhhkhkkhkhhhkhkhrkkhhkk? /)

tabulation of chnl #,lab energy,dispersion,rest energy, & wavelength
using standard values for idxo, idstrt, etec.

istep=200

write(91,442)

format(//,' Approx. calcs. done using default channel values. ')
write(91,440)

format(' CHNL# LAB ENERGY(keV) DISP(eV,/chnl}) REST ENERGY(keV)
1WAVELENGTH(angstroms)’, /)

continue

do 450 k=idstrt,idstp,istep

z=(float{k-idxo))*ddisp

dtheta=-atan(z/(2.*fL))

ttheta=theta(2)+dtheta

tEl=cch/(sin{ttheta))

tEr=gamma*(tEl-beta*ccb*Dopfac)

calc energy/chnl = dispersion using measured det. disp.-ddisp
disfac=(ddisp*tE1**2.)/(ccb*2.0*£fL)
cosfac=(cos({ttheta))*((cos{dtheta))**2.)
tdelEl=1000.*cosfac*disfac

tlmbda=12.3981/tEr

if(istep.EQ.1) type 440

if(istep.EQ.1) type 441, k,tEl,tdelEl,tEr,tlmbda

write(91,441) k,tEl,TdelE]l,tEr,tlmbda
format(115,5%x,1F9.4,5x,1F9.4,10x,1F9.4,5x,1F9.4)

continue

getting est. energy at specific chnl #.

type 455

format(//,’ Enter chnl # for est. of energy there, return to stop.’)
accept 456, iun, Exkun

format(11I,1F)

if(iun.EQ.0)go to 489

correction approximation using a known energy line at chnl iun.
if Exkun LT 0.0 it means that it was given in the proj. rest frame.
if(Exkun.EQ.0.0) go to 460

if(Exkun.LT.0.0) Exkun={(abs(Exkun)) /gamma)+beta*ccb*Dopfac
thekun=asin(ccb/Exkun)

dthekun=theta(2)-thekun

zkun=2.0*fL*x{(tan(dthekun))

kidxo=iun~(int(zkun/ddisp)}

idxo=kidxo

if(Exkun.GT.0.0) type 459, Exkun,iun,idxo

if(Exkun.GT.0.0) write(91,459) Exkun,iun,idxo
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format(/,’ *** Input of '1F7.4’ kev at chnl® 15’ forces idxo= 'I5,/
17 Further calcs. are done using this value.’)

continue

loop for specific chnl conversions to energy

idstrit=1iun

idstp=iun

istep=1

go to 488

continue

getting energies from scaling using two known lines as input.
type 470

format(’ Do you wanl energy scaling using known lines?(Y/N)’)
accept 471, ¥N

format(ad)

1f(YN.EQ."Y’) go to 808

if(YN.EQ.'Y’) go to 808

continue

System efficiency estimates. SYSEFF related to Kallne luminosity
but not exactly the same. SYSEFF=I,/I0 ie. detected/emitted rate.
Assume P10 gas @ 1 atmos. and 1,/2 wil mylar window.
SYSEFF=I/I0=Effdet*Reflavg(Ex)}*dOmega(Ex)/4*pi.

Detection efficiency approximation, assumes 1/2 mil mylar window,
1 atmos of P10 gas, nearly constant det eff over limited energy
regions. See pg. 87, von Hamos loghook I.

For 2nd and 3rd order diffraction, it is assumed that the efficiency
decreases like (order)#**-1.5

Reflavg=0.0

type 8888

write(91,8888)

continue

Exeff=0.0

type 666

format(' Enter x-ray energy to get sys. efficiency estimate.’)
accept 667, Exeff

format (1¥F)

if(Exeff.EQ.0.0) go to 689

Exlast=Exeff

if(Exeff.LT.0.0) Exeff={abs({Exeff))/gamma + beta*cch*Dopfac
theeff=asin(ccbh/Exeff)

these ests. are only good for P10

if(Exeff.GT.1.5) Effdet=0.25

if(Exeff.GT.7.0) Effdet=0.15

if(Exeff.LT.1.5) Effdet=0.10

crystal reflectivity avg’d over a resolution width.
if(Refl(ibest).EQ.0.0) type 670

if(Resolp(ibest).EQ.99999.) type 670

format(’ crystal parameters unknown.')

Reflavg= (Refl(ibest)*Resolp(ibest))/(2.0*tan(theeff))
if(Reflavg.LE.0.0) go to 689

solid angle intercepted by crystal in one resolution width.
fl=rhox/(sin(theeff))

dthec= (tan(theeff))/(Resolp(ibest))

dthesys= sqrt(dthec**2.0 +(wresS**2.,0 + wresD**2.0)/(4.*EL**2.0))
dOmega= dthesys*hx*(sin(theeff)) /rhox

SYSEFF=Effdet*Reflavg*dOmega,/( (fordbest**1.5)%12.56)

type 675, Exeff, SYSEFF

format(/," estd system effic./resol width at '"F7.47 keVv = 71E9.3)
write{(91,675) Exeff, SYSEFF

go to 665
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continue
if({Reflavg.LE.0.0) go to 789
count rate estimates for ions on solids

type 750,Exlast

format(/" For ct. rate estimate at 'F7.4" keV, enter: Qbeam,’'/

17 Ibeam(nAd),sigma(cm2),targ. thickness{ugm/cm2),& targ. mass(u).’)
accept 751, IQb,fIb,sigma,fNt,A2

format(1l1,1F,1E, 2F)

if(IQgb.LE.O) go to 789

count rate est. using SYSEFF.

crconst=0.376E28

CRX=crconst*sigma*fIb*ENt*SYSEFF/{A2*float(IQb))

type 755, CRX

write(91,754)f1b,Epro,IQ0b, fNt,A2,Exlast

format (/" For 'F7.2' nA of'F4.1' MeV/u,Q="1I2' + on 'F7.2' ug/cm2'/
1" of target A = ’'1F6.2' amu, at "F7.4" keV the ')

write(91,755) CRX

format ('’ expected ct. rate intg. over resol. width = 'E9.2' /sec'/)
go to 689

continue

output note that crystal doesn't span the region of interest.
if(Erl.LE.0.0) go to 699

if(Er{1).GT.Erl) type 400

iE(Er(3).LT.Erh) type 400

if(Er(1).GT.Erl) write(91,400)

if{(Er(3),LT.Erh) write(91,400)

write(91,8888)

FORMAT(' NOTE: CHOSEN CRYSTAL DOES NOT SPAN REGION SPECIFIED.’,//)
continue

TYPE 700

FORMAT(’ DO YOU WANT ANOTHER ENERGY REGION, SAME CRYSTAL?(Y/N)’)
ACCEPT 701, YN

FORMAT(A4)

Ttag=1

IF{YN.EQ.'y") go to 10

IF{YN.EQ.’'Y") GO TO 10

GO TO 888

CONTINUE

write(91,8888)

write(91,857)

format(///,2%,' SPECIFIC CHANNEL CONVERSIONS USING

1ENERGY SCALING BASED ON TWQ KNOWN LINES :',/)

ENERGY SCALING ROUTINE

E(N)=EO0+A(N-NO)+B(N-NQ)**2

DO 830 I=1,2

TYPE 828, I

FORMAT(' ENTER KNOWN ENERGY(KEV) AND CHNL# FOR PEAK ’112)
read(5,*)Ecal(I), FN(I)

if Bcal(I) LT. 0.0, it means energy was given in the proj. rest frame
convert to lab frame.

if(Ecal(1).LT.0.0) Ecal(I)=((abs(Ecal(I))})/gamma)+beta*ccb*Dopfac
CONTINUE

if(Ecal(1).LT.0.0) type 829

if(Ecal(l).LT.0.0) write(91,829)

format(’ neg #s means energles given in the projectile fram2.’)
write calibration line data to for091

write(91,858) Ecal(l),FN(1l),Ecal(2),FN(2)
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858 format(5x,1F7.4' kev at chl '1r6.1" & *1F7.4' keV at chl '1¥6.1,//)
write(91,440)

CALCS OF E0O, A, B, AND NOP

C2=ccb**2.0

EO={Ecal(l)+Ecal(2))/2.0

A=(Ecal(2)-Ecal(1l))/(FN(2)~FN(1))

@]

BN=(A**2 0)*((2.0%(EQ**2.))~C2)
BD=2,0%E0*( (EO**2.0)~C2)
B=BN/BD

FNB=(FN(1)+FN(2))/2.0
FNOP=FNB+(B/(4.*A) ) *{(
c CORRECTION FOR A
ECAL1=EQ+A* (FN(1)-FNOP)4+B*((FN(1)~FNOP)*#*2.)
ECAL2=EQ+A* (FN(2)—-FNOP}+B* ( (FN(2)-FNOP)**2.)
DELER=(ECAL1-Ecal(l)+Ecal{2)-ECAL2)/2.
DELA=2.*DELER/(FN(2)-FN(1))
A=A+DELA
C calculation of coeffs. aaa, bbb, and ccc for gquadratic scaling.
aaa=EO0-A*FNOP+B* (FNOP**2.,0)
bbb=A~2,*B*FNOP
ccc=B
C change to eV units.
aaa=1000.*aaa
bbb=1000. *bbb
ccc=1000.*ccc

(FN(2)-FN(1))*%*2,0)

c
type 835, aaa,bbb,ccc
write(91,835) aaa,bbb,ccc
C n is chnl number, aaa,bbb,ccc are in terms of eV.
835 format(' Energy scaling- E(n)(in eV)=a+bntcn**2:a,b,c='/,3F,/)
C
C E(N) AND DISPE(N) CALCS
840 CONTINUE
TYPE 848
848 FORMAT(//' ENTER CHNL# TO GET ENERGIES AND DISPERSION. ‘)
accept 849, iun
849 format(11)
un=float(iun)
IF(UN .LE. 0.0) GO TO 860
E1CALC=EQ+A* {UN-FNOP)+B*( (UN-FNOP)**2 _.0)
Ercalc=gamma*(Elcalc-beta*ccb*Dopfac)
flmbda=12.3981/Ercalc
dElcal=a+2.0%B*(UN~FNOP)
dElcal=1000.*dElcal
type 440
type 441, iun,Elcalc,delcal,Ercalc, flmnbda
write(91,441) iun,Elcalc,delcal,Ercalc, fimbda
GO TO 840
860 type 861
861 format(’ Do you want to try another set of calibration lines?(Y/N)’)
accept 471, YN
if(YN.EQ.'Y’) go to 808
if(YN.EQ.’Y’) go to 808
go to 600
888 CONTINUE
STOP

END









OO NDT W

P e e b
WM~ O

81
82
83

34

85
86

87

88

89

133

ORNL-TM-10658

INTERNAL DISTRIBUTION

R. L. Auble 16 H. Postma

J. B. Ball 17 S. Raman

R. L. Becker 18 T, Rosseel

J. M, Dale 13 C. J. Sparks, Jr.

S. Datz 20 P, H. Stelson

P. Dittner 21 J. K. Swenson

L. D. Hulett, Jr. 22 C. R, Vane

G. E, Ice 23  T. A, Walkiewicz

S. Kahane 24 A, Zucker

He J. Kim 25-73  Physics Division Library

H. F. Krause 74-75  Central Research Library

M. 0. Krause 76 Document Reference Section

M. T. Milner 77-78  laboratory Records Dept,

C. W. Nestor 79 Laboratory Records-RC

G. D, 0'Kelley 80  ORNL Patent Office
EXTERNAL DISTRIBUTION

T. Aberg, Helsinki University of Technology, SF-02150 Espoo, FINLAND

P. Armbruster, GSI, P.0. Box 110541, D-6100 Darmstadt, W. GERMANY

Y. Awaya, Inst, of Physical and Chemical Research, Wako-Shi, Saitama,

351 JAPAN

K. M. Barfoot, Department of Electronic and Electrical Engineering,

University of Surrey, Guildford, Surrey, GU25XH, ENGLAND

D.

c.

Berenyi, Institute for Nuclear Research, ATOMKI, Debrecen, HUNGARY

P. Bhalla, Department of Physics, University of Kansas, Manhattan,

KS 66506

P.

K. Bhattacharya, Van de Graaff Laboratory, Bhabha Atomic Research

Centre, Trombay, Bombay, 400-085 INDIA

J.

P. Briand, Institut Curie and University Pierre et Marie Curie, 11,

rue Pierre et Marie Curie, 75231 Paris Cedex 05, FRANCE

T'

A, Callcott, Department of Physics, University of Tennessee,

Knoxville, TN 37996



90

91

92

93

94

95

96

97

98

99

100

101

102

103
104

105

106

134
J. L. Campbell, Dean, College of Physical Science, Guelph, Ontario,
CANADA, NIG2W1

Chau Chinwei, Institute of Physics, National Tsing Hua University,
Kuang Fu Rd., Hsinchu, Taiwan, REPUBLIC OF CHINA

C. L. Cocke, Department of Physics, Kansas State University, Manhattan,
KS 66506

G. Neconninck, Laboratoire d'Analyses, par Reachons Nucleaires, 22 Rue
Muzet, B-5000 Namur, BELGIUM

J. L. Debrun, CNRS/Cyclotron Laboratory, 34 rue de la Fegullerie,
U5 045 Orleans, FRANCE

J. A, Demarest, Advanced Tech. Division, Air Force Yeapons laboratory,
Kirktand AFB, NM 87117

R. D. Deslattes, Physics Bldg., Room Al41l, National Bureau of
Standards, Washington, DC 20234

D. D. Dietrich, Physics E-Division, Lawrence Livermore National
Laboratory, P.0. Box 808, L-401, Livermore, CA 94550

J. L. Duggan, Department of Physics, North Texas State University,
Denton, TX 76203

E. Forster, Department of Physics, Freidrich-Schiller-Universitat Jena,
Max-Wien-Platz 1, NDDR-6900, JENA, GERMAN DEMOCRATIC REPUBLIC

R. J. Fortner, Physics E-Division, lawrence Livermore National
Laboratory, P.0. Box 808, L-401, Livermore, CA 94550

F. L. Freire, Jr., Pontifica Universidade Catolica, Institute of
Physics, R. Marques de S. Vicente, 209-Gavea-7C-20, Rio de Janeiro,
BRAZIL

R. Garten, Institute fur Spectrochemie and Angewandte Spektroskopie,
N-46 Dortmund, Postfach-778, W. GERMANY

R. Gowda, Department of Physics, Baylor University, Waco, TX 76798

K-0. Groeneveld, Institute fir Kernphysik, J-W-Goethe University,
A-Euler Str. 6, D-7000 Frankfurt am, Main 900, W. GERMANY

D. L. Hendrie, Y.S. Department of Energy, Division of High Energy and
Nuclear Physics, Washington DC 20545

L. M. Howe, Chalk River Nuclear Laboratories, Chalk River, Ontario,
CANADA KOJ 1J0



107

108
109

110

111

112

113

114

115

116

117

118

119

120

121

135

S. Ito, Radioisotope Research Center, Kyoto University, Kyoto 606,
JAPAN

Elizabeth Kallne, JET Undertaking, Abingdon, Oxford, 0X143EA, ENGLAND
Jan Kallne, JET Undertaking, Abingdon, Oxford, 0X143EA, ENGLAND

T. Kitahara, Yamanashi, Medical University, Department of Physics,
Tamaho, Nakakoma-gun, Yamanashi, 409-38, JAPAN

A. Kucrymov, University of Maria Curie, Sklodowska, Institute of
Chemistry, Lubin, POLAND

G. Lapicki, Department of Physics, East Carolina State University,
Greenville, NC 27334

R. Mann, Gesellschaft fir Schwerionenforschung mbH (GSI), D-6100
Darmstadt 11, P.0O. Box 110541, W. GERMANY

D. Maor, Israel Institute of Technology, Department of Physics,
Technion City, 32000 Haifa, TSRAEL

J. V. Martinez, U. S. Department of Energy, DOE-ER-141, GTN,
Washington, DC 20545

Y. Matsuda, Radiation Center of Osaka Prefecture Shinke-cho, Sakai,
Dsaka 533, JAPAN

F. D. McDaniel, Department of Physics, North Texas State University,
Denton, TX 76203

G. K. Mehta, Nuclear Science Centre, Jawaharlal Nehru University, P.O.
Box 10502, New Delhi 110067, INDIA

E. Merzbacher, Department of Physics and Astronomy, University of North
Carolina, Chapel Hill, NC 27514

J. R. Mowat, Department of Physics, North Carolina State University,
Raleigh, NC 27607

L. G. Multhauf, L- Division, lLawrence Livermore National Laboratory,
P.0. Box 808, Livermore, CA 94550

D. J. Nagel, Naval Research Lab., 4555 Overlook Ave., S.W., Washington,
nc 20375

S. 0. Olabanji, CERD, University of IFE, ILE-IFE, NIGERIA

M. Payek, Laboratory of Neutron Physics, Joint Institute for Nuclear
Research, Head Post Office Box 79, Moscow, USSR

J. R. Pope, Dow Chemical USA, P. 0. Box 9002, Walnut Creek, CA 945980



126

127

128

129

130

131

132

133

134

135
136

137

138

139

140

141

142

143

136
M. A. Popescu, Institute of Physics and Technology of Materials,
P.0. Box 5207, Magurele, Bucharest, ROMANIA

R. Prakash, Department of Physics, University of Manitoba, Winnipeg,
Manitoba, R3T 2N2, CANADA

J. L. Price, Jr., Department of Physics, North Texas State University,
Denton, TX 76203

B. Raith, Institute of Exper.-Physik, Ruhr-Universitaet Bochum,
Postfach 102148, D4630 Bochum 1, WEST GERMANY

P. V. Rao, Department of Physics, Emory University, Atlanta, GA 30322

K. Rashid, Nuclear Physics Division, Pakistan Inst. of Nuclear Science,
P.0. Nilore, Islamabad, PAKISTAN

M. Th. Rekveldt, Interuniversitair Reactor Instituut, 2629 JB Delft,
THE NETHERLANDS

P. Richard, Department of Physics, University of Kansas, Manhattan, KS
66506

E. Rieger, Hungarian Academy of Sciences Research Laboratory of
Inorganic Chemistry, P.0. Box 132, Budapest 112, HUNGARY 1502

P, Rymuza, Institute for Nuclear Physics, 05-400 Otwock-Swierk, POLAND

H. Schmidt-Bocking, Department of Physics, Kansas State University,
Manhattan, KS 66506

R. Schuch, Research Institute of Physics, Frescativ 50, 10405 Stockholm
50, SWEDEN )

S. M. Shafroth, Department of Physics and Astronomy, University of
North Carolina, Chapel Hill, NC 27514

J. D. Silver, University of Oxford, Clarendon Laboratory, Parks Rd.,
Oxford, 0X1 3PU, ENGLAND

M. S. Smith, A. W. Wright Nuclear Structure lLaboratory, Yale University,
P.0. Box 6666, New Haven, CT 06511

N. Stolterfoht, Hahn-Meitner-Institut, Berlin, Glienickerstr. 100,
D-1000 Berlin 39, WEST GERMANY

J. A, Tanis, Department of Physics, Western Michigan University,
Kalamazoo, MI 49008

[. Torok, Institute of Nuclear Research of the Hungarian Academy of
Sciences, Atommag, Kutato Intezete, Debrecen, Pfbl, H-4001, HUNGARY



153-162.

144

145

146

147

148

149

150

151

152.

137

M. Uda, Institute of Physical and Chemical Research, Wako-Shi, Saitama,
351 JAPAN

P. Van Assche, SCK/CEN, B-2400 MOL, BELGIUM

S. L. Varghese, Department of Physics, East Carolina State University,
Greenville, NC 27834

H. R. Verma, Department of Physics, Punjabi University, Patiala, 147002,
INDIA

R. D. Vis, Department of Physics, Free University, de RBoeletaan 1081,
Amsterdam, THE NETHERLANDS

R. L. Watson, Department of Chemistry, Texas A&M University, College
Station, TX 77843

A. Witzmann, Friedrich-Schiller-University, Jena, Physics Department,
DDR-6900 Jena, Max-Wien-Platz 1, WEST GERMANY

B. Yaakobi, Laboratory for Laser Energetics, University of Rochester,
250 East River Road, Rochester, NY 14623

Office of Assistant Manager for Energy Research and Development,
DOE-ORO, P.0O. Box E, Oak Ridge, TN 37831

Office of Scientific and Technical Information, Qak Ridge, TN 3783

aU.S. GOVERNMENT PRINTING OFFICE: 19 8854811850163







