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Foreword

This book contains the User's Guide to SHADOW. We have tried to
explain in detail all the aspects of the code that may be useful to the user
in setting up his or her calculations. We have insisted on the description of
the physical models rather than on the implementation of the algorithms
used in the code in order not to obscure the physical aspects of the problems.
SHADOW is a program in continuous evolution and development and thus
some of the information contained in the manual will become obsolete rather
quickly. A new user interface is already in the works and a version of the
code that will run in a UNIX environment (under X-windows) is under
development as well.

SHADQOW is a multifaceted program and has been used to study optical
systems ranging from flashlights to x-ray telescopes and microscopes. Sev-
eral beamlines and monochromators around the world have been designed
and studied with the help of SHADOW and the list is constantly growing.
It is the interaction with all our users that has helped us in extending and
debugging the code; we have always been (and will be) interested in im-
plementing new cases and in incorporating extensions developed by others.
As our users know, SHADOW is released in the form of a Fortran library
of subroutines which are largely undocumented. This is because we want
to avoid the uncontrolled proliferation of versions of the code: when that
happens it becomes impossible to maintain the code. What we suggest to
the user that has a valuable idea or code for the extension of SHADOW is
to get in touch with us and we will incorporate the extension/addition in
future releases of the code for the benefit of the whole community. It will
be impossible to thank here all the users that have helped us with input
and criticisms in the past; we look forward to keep this interaction going
in the future. y

SHADOW is a public domain software and we intend to keep it that way.
The only exception would be to companies or individuals using the code for
commercial resale or development for others. A code of the size of SHADOW
needs however resources beyond part-time students workers, so that we
have sought in the past support from Federal agencies (and will continue
to in the future). The development of SHADOW has been supported by
several sources over the years; significant support was received from the
Synchrotron Radiation Center, the Department of Energy via the Center
for X-ray Optics at Berkeley,the Department of Defense URI program, the
Wisconsin Alumni Research Foundation, Brookhaven National Laboratory,
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Los Alamos National Laboratory and, more recently, the Naval Research
Laboratory.

It is also appropriate to name all the persons that have directly con-
tributed to the development of SHADOW . Barry Lai has written and de-
bugged extensive parts of the code; Karen Chapman has developed an
important fraction of the undulator source and written the Primer. Paul
Runkle and Chris Welnak have written most of this documentation and
performed the computations described in the User's Guide.

F. Cerrina,
Madison, April 1989.


SRIO
Stamp


4 CONTENTS

1 Source Modelling
151 " Introduetion - . o c ooy 0 gueandl el sah3 skl .
1.2 Stochastic Processes . , . . .yanasl aoicff axoiiinst). -
1.2.1 Ray Intensity and Ray distnbution. . . . . .. ...
1.3 Computational Models.. . . . . . . gendeadF S$siT sieiscdF. -
B e o L T e,
1.4.1 Spatial and Angle Distribution . . . .. ... .. ..
1.42 Coordinate Space and Ray representation. . . . . . .
1.5 - Speciicmiodels .. .. . . . .« cv s s v s RETEROERE
LG Simplesolrees: . .. 0 Soa i o s ek
15 I8 Eanadian Beame) - i e an el
1.6.3 Bending Magnet Radiation . .............
R hdsineartianeblenicen - s e
L 50 Sonece CIDEENSRLON: . v Lo L
R T Lo b ST e e SRS e R S GRS
1B W ler Baurce o ot L
L2 Bndulator Soumoe - o o nal s L e

2 Detailed Input Description
Sonrce:Sampling = Random - ' s s o - - s s s - e
Bonrce Samplile— Gade o s e
Saupes Sampling —Geid /Ranc . . oo i e
Sonrce Samplng ~Rapf@rid - - o2 o0 oo f L oL
Source Sampling —Flhi/Ran - . - - . . - .., - ...
Source Samplmg—BllifGad . - - - . .. - oL L
T ATTE i e L S
Wapaler Sengcas = Gr 0 nooih e e e s
TIBm i ater Sattan o e
Ecink SOMECR RYDe (s 20 ool s e
Rectinighilar Sontce  Bype - - o0 aliiiaiiis i v v s

Eliplical Sontcafhvpe e rr o Lo o lon oo st SRl
G LT ROl PR By S A R O e e
NoSemrce Bepbhc - nis = oo s s s e s
Flat SoarcetBeptl 2l enies L e e
GCaosnan SemrecBlepth - - .o oL S0 o R
Synchtotron Souree Pepth . . . .o e da v e e
Flat Angle Distribution . . .« ..« B Sages T T
Imiform DISERBUEeN s e e e
Gaussian Angle Dhstmbition- . . - - & . - -0 6v o o
Synchrotron (Interpolated) Distribution . . . . . ... ...
Conical Amgle Bistabntion ... - oo @ o oasni iy
Exact Synchrotron Distribution . . . . . .. ... ... ...
Single Line Photon Energy . . . . .. . SSOE00GE SoGee
Multipls Line Photon Energy . . : 1+ ¢« SOFDEGOENE
Continuous:Photon Energy- . . . . 990053 Missdede |
Optical Path EESgchvsisth Y5, hes Yliadiid ypat | Lot |
Electric-Field Vectoms - . . . . . . B9000 Sooisiigmoe.t |

A User’s Program
B Bibliography


SRIO
Stamp

SRIO
Stamp


Chapter 1

Source Modelling

1.1 Introduction

This chapter will describe the physical and mathematical models on which the source
generation in SHADOW is based. The type of sources that can be modelled are those
of interest for synchrotron radiation optics, although many classical ones are also im-
plemented. The terminology reflects this choice. Furthermore, the manual is not an
optics textbook, so that we may have taken some liberties with the standard definitions
to adapt them to our purposes. The optics books from which we have more heavily
drawn are listed in the bibliography.

1.2 Stochastic Processes

The generation of photons from an object that is self-luminous is a stochastic process
both in time and in space. We assume a steady state process, i.e., time independent and
concentrate on the spatial and angle properties of the source. In a real radiation source,
photons are generated randomly with a frequency described by deterministic physical
laws. In other words, on a space of variables r; the frequency of observation of photons
is obtained from the probability density function (pdf):

N(r;) = p(ry) - No (1.1)

where p describes a probability distribution law (e.g., a gaussian, a constant, etc.) and
No is the total number of photons included in the sample. A computational model that
describes the generation of photons must therefore be based on the distribution law 1.1
in order for the model to be physical. This can be achieved in either of two ways. In the
first, deterministic, approach a function table is generated so that the source is described
by a table of values of the function 1.1 over an equispaced grid. This is nothing more
than the traditional definition of a function over a domain of an independent variable.
The value of the probability can then be interpreted as an amplitude of the source at
that particular point. The source generated this way may be quite inefficient from a

5
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Figure 1.1: Example of Deterministic and Stochastic Functions
Notice change of spacing in lower panel

computational point of view, since several of the rays generated will have a very small
amplitude and thus computer time will be wasted computing trajectories that will not
affect the final image. The other approach is based on the idea of generating a source,
i.e., an array of numbers whose frequency of observation depends on the pdf itself.
This is illustrated in fig. 1.1, where the two cases are compared. This second source is
clearly much more efficient computationally, because the cpu time is spent where the
rays physically are. This approach requires however a change of perspective that goes
beyond a simple change of variables. For example, the normal integration process of a
function (as pertaining to the Riemann definition of integral), must be replaced by the
more general Stieltjes integral.

1.2.1 Ray Intensity and Ray distribution.

Following these initial guidelines, we must spend some time discussing the meaning
of these definitions and how they can be implemented in a computational code. As
a practical example, let us consider the case of a polychromatic radiation source, for
simplicity point-like and collimated, with a photon energy distribution defined by a
gaussian, so that:

(w — wp)?

1
P(w) = PO% exp — 552

1.2)
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1.2. STOCHASTIC PROCESSES 7

-
4
.
.
-4
4

®
illr'TJlIl'I]'lT

©
o
'lTlIilillllll
'\\_
llllllIllllllllllllllllllll

®
®

k"
b
B |
|
=

-28 =1a (5] 18

Y]
(]

Figure 1.2: Example of Stochastic Sampling
The solid curve is the CDF of the distribution shown.

and let us suppose that we want to generate 1000 rays to describe that source. This
equation is normally interpreted to signify the repartition of energy among the differ-
ent wavelengths; in wave optics it can be used to obtain the amplitude of the electric
field for each wavelength. In an analytical representation we can say that the source
has a larger intensity in the region around wg. In ray, or particle, optics the same equa-
tion can be used instead to infer the number of photons that are emitted at each photon
energy. Even in this case there are two different interpretations of the same equation,
since in a deterministic model, Eq. 1.2 will lead for example to the case of Fig. 1.1
(upper panel), where the distribution is sampled at 31 points and to each point is as-
signed a value described by Eq. 1.2. This could be interpreted by saying that each ray
is generated with a different amplitude (or intensity). In a stochastic model the 31 rays
are generated so that their frequency of observation will be described by Eq. 1.2 and
each ray will have the same amplitude. This very important point is easily understood
on the basis of physical intuition, if we remember that a photon is a quantum of energy
of the electromagnetic field. What this mean is that a large intensity corresponds to
a large number of photons of same amplitude, not to “a photon of large amplitude”.
Thus, a stochastic description is more physical than a deterministic one: the concept of
a continuous amplitude must be replaced with that of a granular probability of obser-
vation.

These ideas are quite intuitive for the case of the description of a source, but how to
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8 CHAPTER 1. SOURCE MODELLING

extend them to include the case of physical optics? For example, how to deal with
reflectivity from a surface? This problem can be easily solved if we stop to think about
the meaning of reflectivity. To set R = 0.6 means that a fraction of the rays equal to 0.6
will be reflected and the balance absorbed. The total number of photons decreases then
as the beam propagates through the optical system. We can say that to each photon is
associated a probability of observation I;, which is set to one at the origin. Then, as
the ray progresses through the system, the interactions will decrease its probability of
“survival” and I; will be less than 1; after the above reflection, it could be for example
0.6. It is easy to recognize the connection between I; and the electric field (or vector
potential) A; of the photon. We identify the module of the amplitude of the electric
field (normalized to 1 at the origin) with the probability of observation of the photon,
i.e., its wave function. Thus the effect of reflectivity can be taken in account by scaling
the electric field by the corresponding amount:

A;(after) = Aj(before) - R; (1.3)

where R; would be the reflectivity as computed at the intercept point of the i — th ray.
Quite often, in the documentation, we use the two terms amplitude and probability
interchangeably.

It is important to distinguish at this point between the probability density function that
generates the source and the probability of transmission through the optical system.
The first describes the source model itself and is independent of the optical system,
while the second is independent of the source model. The first operates on the distribu-
tion of the rays among the spatial and angle coordinates, while the second affects the
amplitudes only and may have only a weak dependence on the spatial characteristics
of the rays.

The meaning of the amplitude is then not dissimilar from that of wavefunction in quan-
tum mechanics when interpreted in the statistical framework: it represents the prob-
ability of finding a ray at a given position and can be used in obtaining the expected
value of physical observables, such as energy:

N
<E>= Z Ei-A'A (1.4)
i=1

where the sums extends over all the rays.

1.3 Computational Models

All the models implemented in SHADOW follow the idea of a stochastic process, so
that the rays are all generated with equal amplitude but with a spatial frequency deter-
mined by the model describing the source. This approach is not restricted to the case
of random sampling. When we use a regular sampling of the source variable space we
refer to it as a “grid”, while we reserve the term Monte Carlo for the case in which each
ray is generated independently accordingly to a pseudo-random number generator. Fol-
lowing standard texts, there are two main ways of generating random variates following
a given distribution law. They are the transformation and the inversion method. We try
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to stay away from the acceptance/rejection methods because of their inefficiency and
their incompatibility with the “grid” source. In the transformation method, one needs
to find a functional form such that the random variable Y:

y=F®X (1.5)

will have the required pd f when the random variate x is uniform. This task is not easy
since there are no general guidelines in finding the generating function F; however,
several cases have been worked out and we refer the interested reader to the published
work. This method is by far the most efficient once F is found, in particular for mul-
tidimensional random variables. The second method is the most general, since it is
possible to generate efficiently random variates with pd f given by any law as long as it
can be put in a table format. The basic idea is the following. Consider the probability
distribution function, PDF (often called cumulative distribution function, CDF — we
will use the two interchangeably):

X
Y(X) = f F(t) dt (1.6)
Now generate a uniform Y variate and invert each point. Compare this with Fig. 1.2.
It is clear that the majority of points will fall in the region where the slope of the
PDF is the largest, i.e., where the pdf is large. It is easy to show that the frequency
distribution is given indeed exactly by the pdf. The meaning of this approach is
profound. Physically, it means that we sample in a uniform way the distribution space
rather than the variable space, thus setting ourselves automatically in the framework
of Stieltjes integrals and statistical analysis. After all, it is easy to rewrite the standard
expectation value integral of the observable A as:

<A>=fdxA(x)F(x)=fd(f dx’ F(x")) A(x) = deA(x(Y)) .7

whereY is the random variable whose pd f is given by F(x). The power of this approach
will be revealed fully in the discussion of the diffraction effects in the image formation
(Fresnel-Kirchhoff integral) and in the power density calculations.

Monte Carlo

In the case of the MC method, a relatively large number of rays is generated by either
inverting or transforming uniform random variables. This is particularly useful when
the source (or the system) depends on several parameters and one wants to study the
dependence on each one of them. Let us consider the case of a system whose transfer
function is such that:

ﬁOLII = F(ﬁlns pla p21 ey pN) (18)

where p1, ..., pn IS a set of parameters describing the source. If we use an MC generator
to create M rays each of the parameters will be sampled M times, thus allowing a
very effective study of the system. Another point of view is that of considering the
dependence of F over a given variable as a projection of the source on that coordinate.
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In the case of the MC method the projection will have all the M rays to sample that
coordinate. The MC method is thus very effective for complex sources depending onto
a large number of parameters, such as the various synchrotron sources. The MC method
should be used as the normal working case, unless specific functional dependences are
sought.

Discrete Sampling

In the case of discrete sampling (grid, in the language of SHADOW) the distribution
is sampled by generating a regularly spaced Y variate and an X variate from it. In this
case it is easy to show that it is the distance between points that depends (inversely) on
the pdf: points more closely spaced will correspond to region of large pdf. Again,
this is exactly in line with the definition of Stieltjes integral and provides an automatic
and powerful tool for the computation of that class of integrals. The case of a uniformly
spaced grid correspond to that of constant probability and is useful to assess first order
properties of an optical system, in particular in terms of aberrations. The problem of
grid sampling is that it is not an efficient way of obtaining a projection over a large
set of parameters. For example, if a source is a function of six different variables, the
total number of rays needed to provide a sampling of N in each variable is M = 6N, a
number that becomes rapidly very large (for N = 11 M = 3.6 108). The grid sampling
should be reserved for those cases in which it is necessary to obtain an in-depth study
of the dependence of an output variable on a source variable (optical aberration stud-
ies) or when post-processing is critically dependent on the cancellation of some terms
(Fresnel-Kirchhoff integral).

Mixed cases

Sometimes it is instructive to mix random and grid cases. For example, one may want
to generate a bundle of random rays originating at an ordered grid; this is useful in
the study of optical systems with extended fields of view. SHADOW replicates the
specified number of random rays at the grid location, so that care must be taken not to
exceed the number of allowed rays (5000).

1.4 Physical Models
1.4.1 Spatial and Angle Distribution

A source is described by a collection of rays originating in a region of space; by ray
we define a straight line originating at a point and propagating without changes until
it intersects a surface or optical element. The ensemble of rays constitutes a beam.
The source is three-dimensional and is characterized by the distribution of rays in the
region of space that intuitively defines the source itself, i.e.,

Source = {Fj,Vi; i = 1,N} (1.9

The distribution of the directions of the rays describe the propagation characteristics
of the beam. SHADOW works in a cartesian coordinate reference frame (see below).
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The probability distribution densities that describe the ray distribution in space and
in angle form the source physical model; these pd f’s may be independent or not. The
boundaries of the source specify the region of space within which the rays are generated
and may have different shape (rectangular, elliptical, etc.) *.

Phase Space

The statistical nature of the stochastic models lead to the introduction of other results
from the domain of statistical mechanics. We recall that given a spatial variable, it is
possible to define its canonical momentum from Hamilton’s law of motion for a given
mechanical system that can be described by a Lagrangian. In general the formulation
is quite more complicated than just the familiar set of coordinates {x, y, z} and{vy, vy, v}
typical of free-space motion. We always assume that |v| = 1; furthermore, we also
often use the notation x’ for vy (and so on). The conjugate variables depend directly on
the forces that act on the material point (ray). In the case of an optical system, these
forces can be thought of as being acting only at the optical surface and be character-
ized by a suitable Dirac ¢-function, in order to justify the abrupt change of direction.
Although it is certainly true that in the free-space propagation between optical surfaces
the couples {x;, vy } are canonical conjugates, this is not so for the whole optical system,
unless all the surfaces are cylindrical and orthogonal to each other. What happens is
that the effect of the reflection (or refraction) from surfaces mixes the coordinates thus
requiring the definition of a new set of canonical variables, in general quite complex.
The set of coordinates that describe a beam form its phase space, where each ray rep-
resents a point. In general the phase space will then be 6-dimensional and only if the
coordinates are independent the phase space can be decomposed in sub-spaces, one for
each pair of independent conjugate variables. The representative position of each ray
in these sub-spaces does not depend on the value of the other coordinates (of the same
ray). In general this is only approximately true. In the case of “normal” optical system,
the transverse coordinate y and the angle from the optical axis form the conjugate set.
The definition of phase space shows again the power of the statistical interpretation
of the generation and propagation of photon beams; in particular, the applicability of
Liouville’s theorem leads to very important consequences. The theorem states that the
density in phase space is conserved throughout the evolution of the beam in its prop-
agation. This leads directly to the Smith-Helmoltz invariant and to the magnification
law. The study of the distribution of the rays in phase space is one of the most im-
portant tools of optical system designs, in particular for complex sources such as those
typical of soft X-ray Optics.

Wavefront Sampling

The idea of wavefront applies to the case of a coherent source, where the different fields
are radiated with a precise phase relationship between different parts of the source. The

1For some source models the full algorithm that allows the separation between model and boundaries
has not yet been implemented. For example, a lambertian source is easily implemented for a conical source
(circular boundaries) but not so easily for a rectangular one.
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perturbation created by a source propagates with a field described by the wave equa-
tion and is fully specified by its amplitude and phase. The surfaces of constant phase
describe the wavefront; the amplitude is not necessarily constant across the wavefront.
In an analogy with the quantum-mechanical wavefunction, the wavefront can be inter-
preted as defining the probability of observing a photon at a given position with a set
of parameters (polarization, wavelength, etc.). The next step is to remember that the
direction of propagation is by definition given by the normal to the wavefront along
the wavefront itself. Furthermore, using the statistical interpretation of QM, we can
say that the number of photons per unit area will be proportional to the intensity of
the wavefront (normalized to 1) at that point. The meaning of the source model gen-
erated by SHADOW should be at this point clear: the distribution of rays generated
by SHADOW represents a stochastic sampling of the source wavefront. Some cases
are discussed below from in this framework. SHADOW generates coherent sources
by keeping a precise phase relation between different rays. Incoherent sources are
generated by adding a random phase to each ray.

1.4.2 Coordinate Space and Ray representation.

After the discussion of the source generation process it may be useful to re-discuss the
meaning of the coordinates and variables that define a ray belonging to a given source.
SHADOW uses for each ray the following variables:

2n
{Xi y, Zv VXi Vy, VZ; AS,X! As,yn AS,Z; flag: 7! ra)/id§ ¢Gl ¢Si ¢p’ Ap,x: Ap,yn Ap,z} (110)

totaling up to 18 double-precision values. Normally SHADOW uses only a subset of
12 (up to rayiq). Because of the way Fortran stores arrays, to each variable is associated
a row of the memory area where the rays are stored 2. As the rays propagate through
the systems, the first 6 values define the origin and direction of the ray itself; although
one variable is clearly redundant (since |v| = 1) the gain in mathematical simplicity by
far outweighs the extra demand on storage. What is the meaning of the other variables?
They do represent the “history” of the ray in traversing the optical system. For example,
the value of Flag distinguishes between an “ordinary” ray (to which nothing peculiar
has happened) from other cases. Initially, the flag is set to 1. If the ray has fallen outside
the aperture of a slit or the physical dimensions of a mirror, the ray is labelled as lost,
so that the (geometrical) efficiency of the optical system can be determined. However,
the ray would be still good for another optical system with, say, a wider slit or a larger
mirror so that SHADOW will keep tracing it — in this way the user can for example
decide if it is indeed worthwhile losing all those rays to improve the image quality by
simply comparing two graphs (“‘goodonly” vs. “all”’. in PLOTXY or other graphics
programs). In these cases the flag is set to —11, 000 - OE nymper SO that it is possible to
keep track of the losses®. In other cases, the ray may happen to be definitively lost:

2There is some confusion in the documentation and in the language of the utilities about columns/rows.
This will be cleared as the documentation work progresses.

3This counter is automatically overridden by the most recent loss. If a ray is out a mirror in OE 1 and out
a slit in OE 2, the flag will be -22000. For a careful analysis of losses it is better to use SHADOWIT rather
than SHADOW.
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for example, it may fall completely outside a mirror to the point that the intercept is
complex - clearly it would not make sense to continue tracing that ray and the loss is
considered “hard”.

The set of A’s represents the electric field of the ray (set to |A| = 1 at the origin) and is
progressively attenuated when the ray is reflected or transmitted by a material medium.
SHADOW uses only the set As for unpolarized light, while the full set of As, A, are
needed for the more general case of an elliptically polarized beam. The set of ¢ refers
to the phase of the ray. This is an essential ingredient in the calculation of the properties
of coherent and polarized optical sources. The total phase of a ray will contain a term
due to the geometrical optical path (¢ = Optical Path/A) and a term due to the phase
shifts occurred under reflection or refraction. The first can be activated independently
of the other, while the last automatically activate the geometrical phase shift.

Sampling and Number of Rays.

What is the relationship between the number of rays used in SHADOW and a real
source? The relation is linear: if a source is generating for example 108 photons/sec
and SHADOW is using 5000 rays, then each ray represents a sample of 2-10%* photons
per second. Furthermore, these 5000 rays are generated accordingly to the specified
distribution and represent a faithful and reduced model of the real source. Since the
relation is linear, the scaling principle applies to all issues of power density, flux, etc.

1.5 Specific models

151 Simplesources

The case of simple sources include those in which the pdf is given by a simple law.
For example, in the case of an isotropic source the emission intensity is independent
of the emission angle while in the case of lambertian (uniform) source the emission
angles varies with the cosine of the angle from the surface normal. These sources are
discussed in the later sections of this Users Guide.

15.2 Gaussian Beams

The discussion of gaussian beams is important for the following sections. By gaussian
beam we intend here a beam of photons (not necessarily coherent) described by the
density law:

2n NG X2
N(x,x) = exp—(=— + — 1.11
(X, X" O p (203 + 203/) (1.11)
Ox = Oy +S0x

where o, refers to the standard deviation of the relative variable (o, is the standard
deviation at the waist itself) and s is the distance from the beam’s waist. Such a law is
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typical of a beam of electrons in a storage ring 4 and will describe as well the distri-
bution of photons if we imagine that these will be emitted along an extremely narrow
cone centered along the electron direction. Here we hit one of the central ideas of the
modelling of electron-beam based photon sources: since the electrons are assumed to
be radiating incoherently from each other (power proportional to current I, rather than
12) the photon distribution will be given by the convolution of the two distributions:

Neina (X', Y/, ...) = fdx dy ...pdectrons(X, Y, “‘)Nphotons(xy Y, s XL Y (1.12)

where (x,y, ...) are any (relevant) variable. The effect of these convolutions in first
approximation is only that of redistributing the flux, not of modifying its value °. If
the electrons have a gaussian distribution, then the convolution becomes very simple.
This effects are indeed observed in storage rings: in the case of machines of small y’s
(see below) the natural divergence of the radiation dominates and the electron opening
angles have little effect. In the opposite case of machines with large y’s the radiation
angle can be so small that the electron angles dominate.

SHADOW allows the specification of gaussian distributions in spatial and angle co-
ordinates independently, i.e., one could specify a point source with gaussian angle
distribution. The distance from the waist is used however only in the case of the bend-
ing magnet source. We notice that the double gaussian source, both in coordinate and
angle, is the one typical of electron beams.

153 Bending Magnet Radiation

The detailed theory of the emission of radiation from bending magnets is beyond the
scope of this work. We refer the interested reader to the publications listed in the Bib-
liography. In the implementation of the code for SHADOW, we have drawn heavily
on the work of K.Green and his excellent summary of equations and formulae. In our
opinion, the best way of visualizing the far-field emission from relativistic electrons
is that of considering the storage ring as a large dipolar antenna. The straight and fo-
cussing parts of the lattice are immaterial to this discussion, so that we can consider the
ESR to be a circle of radius R where electrons of energy E = ymoc?, are kept in a stable
orbit. Let us consider first the case of an observer located exactly in the orbit’s plane.
For low energy electrons, the observer will “see” a dipole with the electrons oscillating
between —R and R; the radiation frequency will be the Larmor frequency, w = egHC/E.
The first effect to become apparent at relativistic energies will be a blue shift of the ra-
diation, because of the Doppler effect. The typical lobe pattern will be folded in a cone
of opening 1/vy centered along the electron velocity, so that the observer will be able to
detect a radiation only when “looking” along the tangent of the orbit to the incoming
electrons. We notice that the cone limits the observation time to a very short interval,
of the order of 1/y. The Doppler shift provides a factor of the order of y2, while the
Fourier transform of the pulse of radiation will contain terms well above 1/y. All in

40Over small distances, e.g., an arc of a bending magnet of a few milliradians, the o can be considered
constant; this is not true anymore for relatively long arcs of bending magnet

SFor example, electrons that are travelling off-plane will see a different magnetic field and focusing
effects, so that the simple free-space propagation of the gaussian beam does not apply anymore.
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all, the radiation will be shifted by a factor 1/92. The fact that an electron storage ring
is essentially a well-tuned X-ray antenna explains why these sources are the most effi-
cient in the production of X-rays. This simple model explains well the elliptical nature
of the radiation emitted by a storage ring. If our observer moves slightly off the orbit
plane, he will “see” an elliptical orbit rather than a single oscillator. The motion can
be decomposed in two orthogonal oscillations with a 90° phase shift: the vertical os-
cillation will give raise to a vertical polarization component of the radiation, just as the
horizontal one. The characteristics of the synchrotron radiation are fairly complex from
a mathematical point of view. The source is characterized by a continuous spectrum
extending over a wide photon energy range; a set of utilities, described in the Utilities
section of the UG, is provided to study the photon distribution in angle and energy.
From our point of view, the main conclusion is that the number of photons emitted by
the source in vertical (the synchrotron orbit being assumed horizontal) is given by a
law N(6, 7iw). Since the form is complex and not reducible to closed form, SHADOW
uses the inversion method to generate the source distribution. Furthermore, since the
“sweeping” effect of the orbital motion averages out the emission in horizontal, the SR
source is assumed to be uniform in the horizontal direction.

Exact Model

In this method the exact function N(6, iw) is computed at a selected #w. Since the
process involves the integration from scratch of Bessel functions of fractional order, it
should be used only for verification purposes. Typically, it may take up to 10 minutes
of CPU to generate an exact source. Once generated, the pd f is integrated to form the
CDF that will be used by an inversion algorithm to generate the random variate.

Interpolated Model

This model makes use of the scaling properties of the synchrotron radiation. It can
be shown that the spectrum emitted by relativistic electrons can be written in func-
tion of the reduced variables (fiw/ €c, y8) while its value is scaled by the factor E. In
this way it is possible to precompute an accurate two-dimensional distribution of the
photon energy fro the generation of the source spectrum. A file called SRSPEC.DAT
is included in the SHADOW distribution tape and contains the SR spectrum CDF’s
computed from 0.000001 to 10 in e units. When an SR source needs to be generated,
SHADOW reads SRSPEC, scales it to the new units and then generates the photon
distribution by inversion of the CDF’s. Since the distribution is two-dimensional (in 6
and 7w) and the two variables are not independent, the following steps are taken. First
a photon energy wy is generated by inverting the angle integrated spectrum N(w) (af-
ter scaling). Then the two CDF’s relative to N(6, w1) and N(6, wy) are interpolated to
obtain that of N(6, wp) which is then used to generate the angle. The process is highly
efficient, to the point that several thousands rays are typically created in a few seconds
of CPU. In this model the user can specify any photon energy range extending between
the above limits.
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Electron Emittances

The electron emittance effects, i.e., the fact that the electrons are not all moving on the
ideal central orbit but are rather distributed around it with a distribution law given by
eg. 1.12, can be taken in account easily if one notices that the formulae describing the
radiation emission are shift-invariant in the angle coordinates. That means that Eq. 1.12
reduces to the more tractable:

N Y) = f dxdy p(x,y) N = X',y — ') (113)

on the velocity variables. In other words, the photon emission is aligned to the electron
direction. It is thus possible to generate the photon energy and angle independently
from the electron direction and then simply shift the emission angles along the orbit
of that particular electron. In this way a convolution between the two distributions
is automatically obtained. The fact that an electron is moving at an angle z’ from
the orbit plane also implies that the magnetic field seen by the electron is Hocos(z’),
thus leading to a slight red shift. This effect is normally not appreciable because of
the broadband nature of the emission but if a monochromatic synchrotron source with
non-zero emittances is specified, the user will notice a broadening of the photon energy
spectrum generated by SHADOW.

154 Insertion Devices

Insertion devices are special radiation sources made by a periodic array of dipolar mag-
netic fields that impart to the electron beam a snake-like, undulating, trajectory. We re-
fer the user to specialized literature for a full discussion of their properties. SHADOW
includes a module, EPATH, for the computation of the trajectory of an electron in a si-
nusoidal magnetic field. This trajectory is computed by solving the electron equations
of motion and stored in a user-specified file for use by other programs. The trajectory
is computed only for electrons launched on-axis and includes end correcting fields.
An important parameter that is used to define insertion devices is the so-called de-
flection parameter K. The maximum angle of deflection of the electron for sinusoidal
motion is observed when the electron crosses the undulator axis, i.e.,

K e yoBo
y ~ yme2B 2n

ow = (1.14)
From the user’s point of view, there is a main difference between the case of insertion
devices and that of the bending magnet. In this last case, the user needs to specify
only the machine’s radius and energy since all the spectral information is already pre-
computed in the file SRSPEC.DAT. In the case of IDs no simple scaling relations exist
so that the user itself will have to generate the equivalent of SRSPEC.DAT, by running
the MAKE_ID facility.

LargeK: Wigglers

Briefly, ID’s can be divided in two classes, wigglers and undulators. In the first, the
magnetic field is so large that the amplitude of oscillation is not small and the angle
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relative to the ID axis is as well large. From the point of view of an observer located
at a distance D, the overlap between the fields created at each bend will be small so
that the wiggler will appear as as formed by N, independently emitting bending mag-
nets. The radiation can then be easily computed using: a) the scaling properties of the
radiation and b) the knowledge of the trajectory radius of curvature at any point. The
overall spectrum will be then N, times more intense than that of a bending magnet of
same field. SHADOW computes the source by using the following algorithm. Most
of the photons will be emitted in the regions of high curvature and very few in the
region between poles. A utility program, EPATH (see below) is used to compute the
trajectory in the wiggler. Then, the total number of photons emitted at each point of the
trajectory is computed, integrated and normalized to obtain the CDF of the total photon
emission. This CDF is used to select from which point in the trajectory a photon will
be emitted by using the usual inversion algorithm and the radius of curvature of the
trajectory at that point, p, is then computed. From now on the source is treated as a
conventional bending magnet of radius p and convoluted with the electron emittances,
if specified. The overall properties of the source are not too dissimilar from that of a
bending magnet, but for the fact that the source is (horizontally) more extended. The
source is treated as fully incoherent, while the polarization is that of the synchrotron
source.

Small K: Undulators

The case of the source model for undulators is quite more complicated than that of the
bending magnet case and again we refer the reader to specialized work. SHADOW
includes an insertion device source model that is adequate for most cases; however, for
sophisticated calculation ad-hoc sources should be generated. The undulator sources
are characterized by relatively small values of magnetic field so that the angle of the tra-
jectory with the central orbit remains always small: this means the loss of the factor of
1/+y due to the short duration of the radiation pulse so that the fundamental wavelength
is blue shifted only by y2. However, the small angles also mean that the field radiated
along the trajectory overlap strongly giving raise to interference patterns, whose sharp-
ness depends on the number of poles of the undulator. The interference process leads
to the formation of peaks in the spectrum at energies:

2

— AU 202 K
Am = 2m72(1+y ¢+ =) (1.15)

with width of the order of 1/N,. Similar to the case of a diffraction grating or a crystal,
the radiated spectrum contains two terms: the form (or structure) factor that depends on
the details of the trajectory within each period and the grating term which is of the form
sin(Npx)/sin(x). The spectrum is thus formed by a series of narrow harmonics centered
at A, whose relative intensity decreases with m. On axis, symmetry arguments force
all of the even harmonics to be zero. The source is not invariant under any simple
transformation, as was the case for the bending magnet. The calculations of this type of
source are fairly computer intensive and require carefully optimized code. The source
is still shift invariant in the angles (the magnetic field is assumed to be uniform so
that the cross section does not matter). Since no general scaling relationships exist for
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this case, it is unfortunately necessary for the user to recompute the source for each
case under examination. The basic idea is similar to that of the bending magnet, i.e.,
to generate a set of tables that contain the source CDF’s in energy and in the angles.
Because of the geometry, the source is now function of (6, ¢, w) and larger arrays are
necessary. From the point of view of the user it is necessary then to generate a file,
similar in principle to SRSPEC.DAT described before, that can be used by SHADOW
to generate the random variate describing the undulator source. Since the peaks can be
fairly sharp, it is a good idea to limit the range of photon energy generation to a narrow
region around the harmonic of interest.

Improved and External Sources.

The source is improved by two passes of linearization in Y. Because of space limita-
tion, the maximum size of the array used to compute the source has been limited to
(31,31,51) in (8, ¢, w). The finite sampling frequency may cause problems (aliasing)
if the peaks are too narrow, as often may be the case. For this reason the source is
linearized twice in Y, in order to improve the sampling precision. An initial range and
number of points is defined, say 10 eV and 51 points. A spectrum is computed and from
it a first set of CDFs. These are now used to compute the position of 51 points equis-
paced inY, so that the regions of rapid variations (peaks) are now sampled much better.
New CDF’s are computed and the process repeated, to insure a good convergence. The
result is a set of CDFs already linear in Y that can be very easily inverted to generate
the photon distribution; most importantly, the mathematical model concentrates on the
regions of actual photon generation, in complete agreement with the philosophy of the
stochastic model. SHADOW can use arbitrary external sources, as long as they are
specified in a format usable by the code.

155 Source Optimization

In some cases it may happen that a given source is ill-matched to an optical system, so
that only a few rays survive the propagation. In terms of phase space this means that the
etendue of the system does not overlap that of the source. This can be easily verified for
example by reverse ray-tracing, i.e., tracing from the final image (such as the exit slit
of a monochromator) back through the optical system to the equivalent source plane.
Then one can display simultaneously the two phase spaces and verify the overlap. In
the case of a mismatch, the etendue of the system will typically be much smaller than
that of the source. It is in principle possible to use this information to improve the
statistics, by rejecting the rays that fall outside the etendue of the OS. However, storage
problems (the phase space of interest is really 7-dimensional) restrict the application to
the case of systems with independent sub-spaces in {x, y, z}. In order to use this feature,
a first run is made without optimization. Then a utility program is run to generate the
histograms that represent the etendue of the system as a fraction of the source and the
resulting file passed to SHADOW. This process may be repeated a couple of times to
improve the analysis, but should always be used with caution.
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Figure 1.3: Preliminary programs for wiggler and undulator

1.6 Preliminary Programs

As said before, some of the source models implemented in SHADOW cannot be scaled
or defined exactly because of their computationally intensive nature. This is particu-
larly true for the case of the insertion devices. It is then necessary to run some utilities
to generate the files needed by SHADOW. This utility is called MAKE_ID, and is ac-
tivated by the command MAKE_ID. Although the prompts are not too dissimilar, the
algorithms implemented differ profoundly for the two cases. This is true also of their
computational efficiency (the Undulator case is much more time consuming than the
Wiggler). Transparently to the user, the MAKE _ID activates several different programs
in the right sequence. Although SHADOW is a self-contained program, it may be the
case that the user has available some local code to generate undulator sources spectra.
If this is the case, the program will have been installed by the system manager and will
be activated by selecting the proper flag during the execution of MAKE _ID. At the out-
set the user is prompted to select Undulator vs. Wiggler source. Once the selection is
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made and the rest of the parameters specified, the program activates the EPATH mod-
ule; this computes the trajectory of the electron in the insertion device. However, for
calculation efficiency in the case of the Undulator only one period is computed and the
data stored in a binary array (not printable or plottable). The trajectory of the Wiggler
is stored in a formatted file that can be easily printed or plotted °.

1.6.1 Wiggler Source

After the trajectory has been computed a module called NPHOTON is activated. This
module computes the radiation spectrum over the range (in energy) specified in the 1/O
session, to finally generate an unformatted file that contains the source description to
be used by SHADOW in the module SOURCE. When running in PROMPT mode,
the user will notice that the only inputs requested in the case of the wiggler source are
the name of the file that contains the source description and the specification of the
electron beam parameters. The user will also notice that several files will have been
generated in the process; they are the trajectory, source and parameters files. Their
meaning is explained in detail in the example (and in the DEMO section) below.

1.6.2 Undulator Source

As explained, the Undulator source is much more complex because of its strong chro-
maticity. One of the parameters used in the 1/O requires some explanation of its use,
and that is the End Field Correction Factor. Its use is best explained by following
the example in the DEMO section on the Undulator source; briefly, it is used to fine
tune the source spectrum. The suggested procedure is to run the on-axis case using
the utility USER_UNDUL on the trajectory file obtained from MAKE _ID when exiting
before computing the photon source, and then to plot out the spectrum on a logarithmic
scale, using TopDrawer. Ideally, the spectrum should be formed by a series of peaks
at the harmonics and look like in Fig. 1.4. If some extra features such as the extra dip
shown in Fig. 1.5 should appear, in this case between first and third harmonic, then the
value of the factor should be changed until the extra feature disappear and the spec-
trum becomes “nice” (the default correction factor is 1.0). See also page 60. Make a
note of that factor and enter it when running MAKE_ID. We notice that the effect of
the correction is apparent only in the region where there are very few photons (its a
logarithmic plot) so that the effect on the overall distribution is small; in the majority
of the cases there will be no need of “fiddling” with the correction factor. In any case,
there are some more important points to be made. The first is the Internal vs. External
case selection; as explained earlier, this refers to the case of which program is used
to generate the source (SHADOW?’s vs. the “Home recipe™). After this decision is
made, the program will ask the user about the size array to use. For more on the arrays,
see page 59. Which one to use depends on the available computing resources and the
type of modelling; for example, a source spanning a narrow photon energy range and a
small angle spread will be quite well described by the small model. In other cases, such

61f you want to plot out the trajectory of the electrons in an undulator, as computed by SHADOW, run
the wiggler case with the parameters appropriate to the undulator. This will give you a plottable file
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Figure 1.4: Correction factor of 0.9925

as broad band calculations spanning several harmonics it will be necessary to use the
larger array. Some experimentation will be quite useful. Another important concept is
that of the “improved” source (we reserve the term “optimized” for the case discussed
earlier). The source model is improved by generating a stochastic representation rather
than a deterministic one for the source. This is achieved by performing several passes
of calculations. The first is used to determine a first estimate of the radiation spectrum.
In the second, a stochastic representation of the total flux is generated. From this, a
new set of spectra at deterministic angles is computed and the cycle repeated for the
other two variables (6 and ¢). The cost of an improved source calculations is then that
of a factor of three in computational time; in some cases (very narrow harmonics) this
may be a necessary price to pay. Normally, after a few trial runs to make sure that the
parameters are setup properly, a batch job is the best way of computing the source file.
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SRIO
Stamp


Chapter 2

Detailed Input Description

This section of the Guide will go through the SOURCE part of SHADOW in detail.
We will show the screen output for both the PROMPT and MENU modes, explain what
is being asked for, and give examples of uses for each choice. If applicable, we will
then show a three dimensional “picture” of what’s going on. The following page will
show the contents of the Binary Output File used by PLOTXY and the output PLOTXY
gives. The last page lists informal notes, errata or bugs.

After starting SHADOW, the following screens will appear.

23
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PROMPT:

a )

sssmsmmzzazsssssmsmsmessmemsmemens § H A D O W ==sssssmsc-cssscs_ssssssce——=

Jun 1988 F.Cerrina ECE = UW

------------- SOURCE SPECS ==-—=m========ca==
Source modelling type [ 0-5 ] ? ©

How many rays { 1 - 5§ 606 j 2 1006

Seed [ odd, 1000 = 1 000 000 ] ? 17385269

-
o

MENU:

*\\\
/

Source Modelling

Mode selected RAN/RAN
Numbar of randam pFays 1606
Random number seed 17385269

-+« GRID part

Points along X n/a

i 1

Y n/a 1

2 n/a 1

X n/a 1

vz nfa 1

Points along cone radius n/a 0
circle nfa 0

Mo. of X phase space ellipse (+) mn/a ©
Z (+) m/a O

Points along each X ellipse nfa o
z nfa @
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Source Sampling — Random

‘ RANdom in REAL Space:

Points in (X,Y,Z) space where the rays originate
are pseudo-randomly generated. The distribu-
tions are chosen by the user in the X — Z Plane
source type section and the Source depth sec-
tion. The number of random rays to be generated
along with a seed for the random number gener-
ator are supplied by the user.

| RANdom in MOMENTUM Space:

Points in (X’,Z’) space where the rays originate
are randomly generated. As with real space the
distributions are selected by the user, although
the nature of the angle distributions are different
than those of position.

Source Sampling | Random

Example:

In most cases the source modelling type will be
RAN/RAN — since sources radiate according to
stochastic processes. Generally the rays are dis-
tributed independently in the X,Y,Z,X’,Z’ direc-
tions. This is demonstrated by the graphs on
page 28 in the phase space plot. Note the lack of
correlation between X and X’. However, in other
cases this may not be true. For example, in a syn-
chrotron source X and X’ will not be independent.
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N

PROMPT:
------ SHADOMW === ————
Jun 1988 F.Cerrina ECE - UW
------------- SOQURCE SPECS =mm=m=ssm=mes====-
Source modelling type [ 0-5 | 7 1
MENU:
Source Modelling
Mode selected GRIDsGRID
Number of random rays n/a Q
Random number seed n/a 12345701
.+ GRID park
Points along X 10
b4 n/a L
Z 2
VX 10
vI 2
Points along cone radius n/a 0
circla nfa @
Ne. af ¥ phase space ellipse (+) nfa O
z (%) n/a @
Points along each X allipse n/a 0
z n/a 0

/
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Source Sampling — Grid

| GRID in REAL Space: |

Points in (X,Y,Z) space are generated in a reg-
ular fashion according to a selected distribution
(e.g. elliptical). The number of points along each
direction is supplied by the user.

‘ GRID in MOMENTUM Space:

Points in (X’,Z’) space are generated following
the source angle distribution selected by the user.
The number of points in the X’ and Z’ directions
are given by the user. In the menu mode VX and
VZ referto X’ and Z’ respectively. In prompt mode
“Number of Points in the Vertical” refers to the
number of points in the grid along Z’. Similarly,
“Number of Points in the Horizontal” refers to X’.

Source Sampling | Grid

Example:

Grid sources may be used to determine the im-
age defects (aberrations) of an optical system.
They are also useful for plotting the wavefront of a
bundle of rays, and determining interference and
diffraction patterns by keeping track of phases at
points on a uniform grid. The graphs on page 29
illustrate GRID/GRID sources in the laboratory
reference frame and in (X, X”) phase space. The
total number of rays generated in a GRID/GRID
source is NX = NY = NZ = NX’ « NZ’, where NX is
the number of points in the X-direction etc. This
product must be less than 5000.
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Laboratory Reference Frame for a RAN/RAN Source:

Ran/Ran Source Model, no depth

Box shows source boundary 1n X2 plane

PLOTXY Result:

OISKY: [AUNKLE . UG.RANRANIBEGIN .OAT 4 18- JAN-1989 22:19

L T T

Ran/Ran FPhase Space

12-JAN-88 223:2@:41

H Length 4.0000
H conter 0.00000E-Q0|
V Lengch 1.0CQO

= 9|V cencer 0.00000Q€-0(

AUTBSCALING

= 4]--GE80D @NMLY
9T - 1000
LE@ST = o

= 7| Horrzontal: 1

Varzical: 4
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Source Sampling

Laboratory Reference Frame for a GRID/GRID Source:

Gri1d/Grid Source model 2x2, 2x3

PLOTXY Result:

DISK 4:IRUNKLE.UG.GRIDGRIDIBEG IN.DAT 10-JAN-1989 22:3]

3 Grid/Grid Phase Spec
e

] | 1

10-JAN-89 22:33:08

H Length 4.0000
H ¢antsr 0.00000E+00
V Length 1.0000
- i ' i S el S8 1F =| ¥V center 0.00000E-0(

- R TR e i AUTOSCALING
B L e e e e S ' 1| --6000 ONLY

T0T = 400
LOST - )

P e s T e T e I SR | Hor1z0ntals 1

Vartical: 4
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PROMPT:

—————————————————————————————————— SHADGW -- - e
Jun 1288 F.Cerrina ECE - UW

————————————— SOURCE SPECS —-—-—-—=—=—=———=-—
Source modelling type [ 0-5 ] ? 2

How many rays for RANDOM part ? 10

Seed [ odd, 1000 - 1 000 000 ] 7 17385269

-
N

MENU:

\
/

Source Modelling

Mode selected GRID/RAN
Humber of random rays 30
Random number seed 17385269
~.« GRID part
Points along X 10
Y n/sa 1
Z 5
X nfa 1
vz nfa 1
Poinks aleng &one radius n/a O
circle nfa o
Ho. of X phase space ellipse (+) n/a 0
z (+) n/a o
Points along each X ellipse n/a 0
2 n/a o
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Source Sampling — Grid/Ran Example Source Sampling | Grid/Ran

This source is useful for “searchlight” studies. The
graphs on page 34 illustrate GRID/RAN sources.
Note that the points are spaced regularly in the
XZ plane, but the directions X’,Z’ are randomly
generated according to the desired distribution.
However, for each point in real space the ran-
dom directions are identical. This is most clearly
shown in the phase space plot. The total number
of rays generated in a GRID/RAN source is (NX =
NY « NZsNUMBER OF RANDOM RAYS). Note
the phase space duality between GRID/RAN and
RAN/GRID.
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PROMPT:

CHAPTER 2. DETAILED INPUT DESCRIPTION

P

-

MENU:

*\\\

serrmmmrma e SHADOW - S p—
Jun 1588 F.Cerrina ECE = UW
------------- SOURCE SPECS —-—-——=--—==—-=-=-—
Source madelling type [ 0-5 ] ? 3
How mamy rays for RANDOM part ? 30
Seed [ odd, 1000 - 1 000 000 ] 2 17385269
Source Modelling
Mode selected RAN/GRID
Humbar of randem rays 30
Random number seed 17385269
GRED part
Paints alomg X n/a 1
n/a 1
Z n/a 1
vx 10
VZ 2
Points along cone radius nfa 0
circle n/a 0
No. of X phase space ellipse (+) n/a @
Z (+) nfa 0
Points along each X ellipse n/a 0
z n/a 0
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Source Sampling — Ran/Grid Example:

The graphs on page 35 demonstrate RAN/GRID
sources. The points in the XZ plane are posi-
tioned randomly — according to the chosen dis-
tribution. From each point the directions of the
rays are generated in a regular fashion accord-
ing to the chosen GRID distribution. The number
of points in a RAN/GRID source is (NUMBER OF
RANDOM POINTS+NX’ « NZ")

Source Sampling | Ran/Grid
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Laboratory Reference Frame for a GRID/RAN Source:

Grid/Ran Source Model, 2x2 Grid

Nots rondom directions ore the same for each point 1n real space

PLOTXY Result:

DISK 4:[RUNKLE.UG.GRIDRANIBEGIN.DAT 10-JAN-1989 22:28

- I T —

Grid/Ran Phase Space

10-JAN-BQ 22:28:26

H Length 4.0000
H center Q.000Q0E-QQ|
V Length 1.0000

- R o e e 4 - 4|V eonter 0.00000E-0(
I b AUTOSCALING
! peme s BE = e
L SO e P TOT - 1500
! H O LOST = 0
E i g G AIE || Horazonezl; 1

Vertical: 4
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Source Sampling

Laboratory Reference Frame for a RAN/GRID Source:

Ran/Grid Source Model, 2x2 grid, no depth

Box shous source boundary in XZ plane

PLOTXY Result:

DIL:IP _RUNMKLE, JUNKIBEGIN.DAT k3-Jan-1389 (3:51

1 U 1

L e

1Ll

: s

Ran/Gr1a Phags Spaca

LI Mt R

| I Y (el |

I13-JAN-89 1S58

H Lanqch  4.0000

H canzar 0.00000E-04
V Lengch  1.0000

=Y conter 0,90000E-040

o —

AUTOSC AL ING
--3000 ONLY |

70T - 500
LOST - 0

Horizonxal: 1
Varcizal: 4

"r'1'||'|ﬁ-'1 T i R b | e e i )

F'r“r‘f"‘!
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PROMPT:

------------ SHADOW w---—-—-—-—-—-«-------------;:\\\

Jun 1928 F.Cerrina ECE - UW

————————————— SQURCE SPECS
Source modelling type [ 0=5 ] ? 4

How many rays for RANDOM part ? 25

Seed [ odd, 1000 - 1 000 000 ] ? 17385169
Sigma for X ? 0.5

Sigma for X' (heri. divergence) [ rads ] ? .01
HOow many sigma lavels ? 3

Sigma level of sllipse 1
L
Sigma level of ellipse 2
£
Sigma level of allipse 3
i ]

Sigma for I ? .05
Sigma for Z' (vert. divergence) ( rads ] ? .0L
How many sigma lavels ? 2

Sigma level of ellipse 1
Fidat
Sigma level of allipse 2
\\\~f 25 A4///
/ Zource Hodelling \
Hode selected ELLI/RAN
Humber of random rays 25
Randem number seed 17385269
GRID part
Points along X n/fa 1
N, nfa 1
z n/a 1
vX n/a 1
WE nfa 1
Points along cone radius n/a 0
cirele nfa 0
No. of X phase space ellipse (+) 3
Z (%) 2
Points along each X ellipse n/a 0
2 n/a 0
X phase space ellipses
no. of allipsas 3
ijqma % 0.
Slgma X' [ rad ) 0. e
signa level 1 L?GOOODUDOOOUDE oL
& 2.
3 a
a 0.0
3 0.0
8 0.0
s 0.0
g 0.0
0.
\\\‘7 10 o.g 4,///
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Source Sampling — Elli/Ran

‘ ELLIpse in Phase space: ‘

Points in the two phase spaces, (X, X’) and (Z,2"),
are independently generated along ellipses. The
following parameters are supplied by the user:

1. o (Standard deviation) in X
2. oinX’
3. The number of o Levels in X - Phase space

4. The value in multiples of (ox, ox.) for the el-
lipse of each level.

The first two parameters define a two dimensional
independent gaussian distribution in one of the
phase spaces. The number of “Levels” is just the
number of ellipses to be generated on the gaus-
sian surface. The value in multiples of o defines
where on the gaussian surface the ellipses are to
be generated. For example, if we chose the value
of one of the levels to be 2o then 68% of the de-
fined phase space would lie inside of this ellipse.
Points along the ellipse can be generated at ran-
dom positions or in a grid fashion (corresponding
to ELLI/RAN or ELLI/GRID in source description
menu).

Example:

Phase space ellipses depict the correlation be-
tween position and momentum space in one di-
mension, say X and X’. Such a representa-
tion is useful for determining the dynamics of the
beam, i.e. if it is focused, converging or diverg-
ing. Some optical elements may cause distor-
tions in the ellipse, but the area is conserved
throughout the system. The number of rays gen-
erated in an ELLI/RAN source is (NUMBER OF
RANDOM RAYS)? « (NUMBER OF o LEVELS IN
X) « (NUMBER OF ¢ LEVELS IN Z) On page 40
notice how the ellipses are regularly spaced, but
points are random around each ellipse.

Source Sampling | Elli/Ran
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PROMPT:

SHADOW i \
Jun 1983 F.Carrina ECE - W

------------- SOURCE SPECS ===emmemsmssssssess
Scurca modelllng type [ 0-5 ] ? §

Sigma for ¥ ? .8
Sigma for X' (hori. divergence) [ rads ] ? .81
Hew zany sigma lavala ? 3

Sigma laval af ellipsa 1
21
Sigma levael af ellipsae 2
2
Sigma lavel of ellipse ]
2

2]

Ne. of 7ays within esach level 725
Sigma for Z 7 .05

Sigma for I' (wert. divergenca) ( rads ] ? .01
How zany sigma levels ? 2

Sigma level aof allipse T
2T

Sigma level of ellipsa 2
? 3.3

¥a. of rays within esach level 725

a
\

MENU:

/ Source Modelling \
Node selacted ELLI/GRID
Numbar af random rays nsa 9
Random number seed nsa 12343701
.-+ GRID part
Points along X nfa 1

11 n/a 1
z n/a 1
X nsa 1
ve n/a 1
Painmts aleng cone radius n/fa 0
circle nsa 0
No. of X phase spaca ellipse (+) 3
z (+)
Points along each ¥ allipse 2%
z 15
X phase spaca allipses
no. of allipsas A 3
sigma X 0.5
sigma X' [ rad ] 0.1000000000000E-01
sigma level 1 1.
z @
3 3.
4 9.0
5 4.3
5 9.9
T 0.0
a 9.9
L] 0.0
- 0.9

N
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Source Sampling — Elli/Grid Example

ELLI/GRID is more useful than ELLI/RAN for
determining exactly how a phase space ellipse
has been transformed by an optical element.
The number of rays generated in an ELLI/GRID
source is (NUMBER OF POINTS ON EACH EL-
LIPSE IN X) * (NUMBER OF ¢ LEVELS IN X) =
(NUMBER OF POINTS ON EACH ELLIPSE IN
Z)+ (NUMBER OF ¢ LEVELS IN Z). In the Phase
space plot on page 40 notice the similarity to a
GRID/GRID source. A more thorough description
of phase space ellipses is on page 37 .

Source Sampling | Elli/Grid
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PLOTXY Result for a ELLI/RAN Source:

OISK LIRUMKLE UGIBEGIMN.DAT

: . {Pm{yﬂ_:

12-JAN-1989 17:56

ELLI/RAN Fhase Spass

12-JAN-89 17:39:57

H Langcth  4.0000
H canter 0.00000E-04|
V Lsnqth 0.10000
V center 0.00000E-24

AUTOSCALING

=000 OnLY

TAT = 3750
LOET = a

Horizontal; i
Vertical: 4

PLOTXY Result for a ELLI/GRID Source:

DISK 4:{RUNKLE UG.ELLIGRIDIEEGIMN.DAT

12-JAN-1989 18:12

EllL/Grd Phase Space

e

12-JAM-89 18:16:08

H Length  4.0000
H zancsr 0.00000E-0C]
Y Length 0.10000
V center 0.00000E-0Q

AUTOSCALING

1|--6000 onLY

TOT = 3790
LOST = Q

Horjzental: 1
Verticals 4
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A Grid/Ran source may be used to study cases where the image is more de- | Source Sampling
pendent on the position in the XZ plane than on the divergence (for very small
angles). An example would be to examine how an image of an off-axis point
compares to the on-axis image. This example was traced with a 3x3 grid cen-
tered on axis, incident on a toroidal mirror. The image is shown below.

DISK&:(RUNKLE . JUNKIST AR.Q1:1 6-FEB-1989 13:44

B i ] : T Torroidal Mirrer

3 = Aberrations

:L 1 | ! B F
: ‘ ' U s-FEB-89- 10:57:37

|| Lengesh  2.0000
H center 0.00QCOE-0Q
4l v Length 2.0000

"___‘__‘ V center 0.00000E-C(
2 7 AUTOSCALING
. —iAe || --6000 onLY
-'éﬂ r‘&x 10T « 4500
- i i LOST - 0
.@. Horizontal: |
= }‘,\‘ B Chk ar 7| verticals 3
r "{. fr"1 L
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A Ran/Grid source may be used to discriminate between images that are more
dependent on the divergence than the source shape. An example would be
to create a slit source in real space and a few discrete angles in momentum
space, shine the beam on a diffraction grating, and examine the relationship
between image position (and shape) and divergence angle. This example was
traced with 5 discrete angles. The diffracted image is shown below.

DISK4:[RUNKLE.TESTISTAR.OI1:1 6-FEB-1989 20:40

Diffracced [mage

at Exit She

[ 1] B I I ] riabia) el Y _j
1 B-FEB-89 20:47:02

] H Length 10.000

H center 0.00000E-3(

V Length L5000

V centar 0.25000

A e e i Py TSR T e

AUTOSCALING

AT i e B = R LD Ly i AT
iy P e A T P e e SR

e 4 _j | --5000 oMLY

TOT 5= 5000
LOST = 0]

R A N N R R R e A R
Hor1zontal: l

e R NI T D T R T M R T A TR ._I—‘ Vartical:

YA T W R R R  R FI
{ |

1 1 L 1 1 L 1 ] 1

L
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NOTES:

A note about GRID sources: the number of rays can get very high if you're
not careful. A source with a 20 X 20 grid in the X — Z plane and 10 points
in depth along with a 10 X 10 array in X’ and Z’ doesn’t seem to to be a
very fine grid, but it will generate 400,000 rays! The maximum number of
rays that SHADOW should normally generate is 5,000. The program will
stop if the number is greater than 5000.

For random models, the number generator requires an ODD number with
at least 8 digits for the seed.

All PLOTXY results in the source modelling section were from the actual
sources generated by the prompt/menu examples.

All laboratory reference frame plots contain only a few rays for the pur-
pose of clarity — these do not show the same source as in the PLOTXY
graphs.

Source Sampling
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PROMPT:

o =

- SHADOW
Jua 1988

e T R e
Source sodelling type [ 0-5 | ? O

How many rays [ 1 = 5 000 ] ? 1000

Seed [ odd, 1000 - 1 000 goo ] ? ilddiissii

Do you want to optimize the source ? 1

Please input name of file with acceptance: copt.dat

N

MENU:

-

Scurce Optiaization

N

/

gptiaization of sourcs YES
File-nane OPT.DAT
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Optimization

Sometimes when a system is traced, a substan-
tial number of rays may be lost due to vignetting
or mismatch of system and source etendue. High
losses are undesirable since reliability of ray
statistics and CPU time are sacrificed. The user
may wish to have a more efficient source without
altering the parameters. This can be achieved by
flagging that area of phase space in which source
rays are lost, then regenerating the source with no
rays occupying the flagged phase space regions.
The file used for the source optimization is gen-
erated by the utilities REFLAG or SHADOWIT fol-
lowed by HIST03. Refer to the documentation on
these routines for more information. Generation
of an optimized source follows the example.

Example:

An example in which the source optimization is
useful is with a monochromator where the en-
trance or exit slits block a large number of the
rays. The source can be regenerated so that
all rays pass through both slits, yielding better
statistics when analyzing the system character-
istics such as resolution.

Optimization
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Output from SOURCINFO:

EE e L e eb s ‘e £
* SOURCE DESCRIPTION ®ensasasnssnns
Qptimization Example

Source used ko trace example of optimization

e et ER R SR +e
Input Eile specified:

end. 00

full file Specification iD5:(C_EBLE.SOURCE.TEST|END.20;3

Creation Date : 4-APR-1989 11:57

R e e e ++44 -
Randos Ssuree.

Generated total 1000 rays.

Source assumed BIDIMENSIOMAL (flat).

Source Spatial Characteristics: GAUSSIAN

Sigma X 3 0.100000000 Sigma Z 3 0.100000000

R o e L L e 2
Source Emission Characteristics

Distribution Type: GAUSSIAN

Distribution Limits. +X : 0.500000000E-01 —X:= 0.500000000E-01 rad
+3 2 0.100000000E-01 -2: 0.100000000E-01 rad

Heriz. StDev : 0.100000000E-01

Verti. StDev : 0.100000000E-01

e -

ssssnsssmsnanaE END sessmsnsnsnsass

S - 1 PP >

Output from SYSINFO:

A b St L SRR s R R e e e SRR s it sl -4
L e R R S YSTEH®N DESCRTIPTTION R e R
B T o o o L S e S
optimization

- R s d R R L LA R L o L
Infut file specified:ztr:
Full file Specification :

Creation Date 3

R B
1] Optical Element: Creation Time:=
1 DS:[C_BBLB-SOUICI.?!STIEﬂﬂ.UI;S 4-APR-1589 09:40
+aees s rrets R
Optical Element # 1 System Number:
MIRROR ELLIPTICAL UNLIMITED COMPUTED REFLEC. OFF
Orientation 0.0000000000000000E+00 deg.
Source Plane 1000.000000000000
Incidence Ang. 88.00000000000000 deg.
Reflection Ang. 88.00000000000000 deg.
image PFlane 1000.0000080080000

e

SCREENS: ~-1672658936 defined.

OPTICAL SYSTEM CONFIGURATION
Laboratory Reference Frame.

OPT. Elenm | K = ¥ = ZT =
] 0.00000000000E+00 0.00000000000E+DD 0.00000000000E+00
1 0.00000000000E+00 1000.0000000 0.00000000000E+00
1 0.00000000000E+00 1997.5640503 69.756473744
.---..n-r..:.t‘ S -'T;L; D il 0.[.‘;:‘..'.:..

AR a s ot S e Rl R e e DL L e e e L e s e e R s S LR e L L
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Searching file: 47
D5:(C_EBLE.SOURCE.TEST]STAR.01;4

4{-APR-1989 09:33

pefore Optimization Optimization

Total rays : 1000

Lost rays : 782

EXCLUDING LOSSES

X max is 0.293621838003

¥ mim is -0.532123327255

Y max is 0.327147299051E-13
¥ min is =0.476053726062E=~13
Z max is 0.247210711241E-01
Z min is -0.241808779538E-01
X prime max is 0.591368563473E~01
X prime min is =0.426610149443E-01
Y prime max is 0.999399761581

¥ prime min is 0.944469749928

Z prime max is 0.3231556065559

2 prime min is -0.149375218B98E-01

SOURCINFO and SYSINFO describe the source used and the system it was
traced through to demonstrate optimization. Notice above in the output from
MINMAX, the large number of lost rays. The following shows the process of
optimizing the source. The source must then be regenerated using the file cre-
ated with REFLAG and HISTO3 and retraced.

é )

——>r=£1ag€

File to modified [ e.g. BEGIN.DAT | 7
begin.dat

?i?e to use as modifier [ e.g. SCREEW.0503 | ¥
star.01

Output file ?

optim.dat

—> histeld

Input file ?

optim.dat

Qutput T

optim.hst

Found 431 good points out of 1000
Here we are.

- /
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CHAPTER 2. DETAILED INPUT DESCRIPTION

max is 0.2993626384377297

min is =0.2214448719536274

max is 0.0000000000000000E+D0

min is 0.0000000000000000E+00

max is 0.2565967500088249

min is =-0.2244743070452141

prime max is 3.6443641356351082E-02
prime min is -2.6034783379268622E-02
prime max is 0.999%998356970595
prime min is 0.9991459106110692
prime max is 3.7418444378009256E-02
prime min is —2.2984414066231605E-02
How many bins in X [ default 25 | ?

OO0 e g D e e

How many bins in X'
How many bins in ¥
How many bins in ¥*

How many bins in Z

L R ]

How many bins in Z°

—>» Qo0 Source

~

/

N

Ro you want to store the optical paths (OBD) [y.mi =
Do you want to generate the A vectors (eleckric tield) [¥Y/N) 7

n
Exit from INFUT_SOURCE

Phase space boundaries file read succesfull

Generated 150 rays out of fnea
500 rays have been rejected so far.
394 accepted.
500
750
1000 rays have been rejected so far.
789 1000 accepted.

Exit from SOURCE
SOURCE => Source has been succesfully generated.

SOURCE procedure completed.
Shadow: : exit

Exit to DCL

~
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Notice the difference in the messages in this case compared to the normal | Optimization

source output. We then retrace the system to see if we get fewer lost rays. The
output from MINMAX is below. Notice a decrease in the number of lost rays.

seatrching file:
DS:[C_EBLE, SOURCE.TEST|STAR.01;5

4-APR-1989 00:40

Optimization

Total rays : 1000

Lozt raye @ 560

EXCLURING LOSSES

X max is 0.2775686966753

X min is =0.275278717279

Y max is 0.3914646373206E-13
Y min is =0.467644925063E-13
Z max is 0.247689504176E-01
Z min is -0.249086134136E-01
X prime max is 0.476808026433E-01
¥ prime min is -0.330202654004E-01
Y prime max is 0.999999284744

Y prime min is 0.991771101952

Z prime max is 0.124396815896

2 prime min is -0.1389568%0207E-01
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No Optimization

DS:IC EBLE.SOURCE.TESTIBEGIN.OAT:1 27-HAR-1989 13:11
T T T T T

27-MAR-89 16:22:31

) : H Length 1.0000Q

¥ H center 0.00000E-00
‘- : V Length 0.10000
|V center 0.00000E-0(

AUTOSCALING
- | --G000 ONLY

TOT =- 1000
LOST - 0
Hor1zontal: 3
Vertical: ]

Optimization

27-MAR-89 1G:24:32

05:(C_EBLE.SOURCE.TESTIOPTBEGIM.DAT:! 27-MAR-1989 13:20
H Length L0000
H center 0.00000E-0Q

e T T T T -
B 1 1 ﬁ o L i
¥V Length 0.10000

L 4|V center 0.00000E-0(

AUTOSCALING
5 4] --GOOD QMLY

0T - 1900
LOST = [s}

2 ||Hor1zontal: 3
Vertical: 6
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Optimization

NOTES:

e For disk and memory economy, SHADOWIT flags phase spaces (X, X’),
(Y,Y"), and (Z,Z’) independently of each other. This independence does
not necessarily exist in the system, i.e. with a synchrotron source. For
this reason, optimization should be used with caution (see page 18)

e Optimization will only work for RANDOM sources.
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PROMPT:

~

Source type * [ 0 ] regular source
[ 1] wiggler
[ 2 ) undulator
Then 7 1
File containing the electron trajectory ? RADIAT.DAT
Conversion factor from meters to user umits 7 180 \\ Lets Use cm. \\
Horizontal half-divergence { (+)x, rads ] ? 0.005
(-)%, rads ] ? 0.008
vertical [ (+)z, rads ) ? 0.005
[ (=)z, rads ] ? 0.00S
sigma along X 7 0.005 \\ 50 micron
T ? 0.008 \Y 50 mleren

Electron beam emittance. Units are : rads*[ units of length used so far )

Beam emittances in X [ at waist ] ? S.DE-7 \\, Se=9 mera
Distance of insertion device’s center from X waist [ signed )] ? 0.0

Baam smittances in I [ at waist ) ? 5.0E=7 \\ Se=9 mera
Kﬂistlnm of insertion device’s center from 7 waist [ signed ] 7 0.0

MENU:

-

/

- Source Definitiom

File to store the rays BEGIN
Source Type (+) RAN/FAN
Wumber of random rays (+) 2000
Wiggler or undulator (+) WLGGLER
Spatial Type (+) GAUSSIAN
Depth OFF
Angle Distribution (+) FLAT
Photen Energy distribution (+) OFF
Storae iopt ical ('p?th ﬁg
Polarization (+

Coherence COHERENT

wWiggler specification

1 file RADIAT.DAT
g::::m factor 100 .0000000000
Electron emit. [radstuser umits)

Emittance in ;: 0.5000000000000E-06
z 0.0000000000000E+00

ice’s center from X wais 0.5000000000000E-06
g = 0.0000000000000E+00

Polarization component TOTAL
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Wiggler Source

For insertion devices with large K, SHADOW uses
the wiggler source. It basically assumes inco-
herent emission processes, thus the wiggler can
be approximated by bending magnets of chang-
ing magnetic radius. Then the task is divided into
computing: a) electron trajectory, b) photon ra-
diation. They are both computed by the proce-
dure MAKE_ID which must be called before run-
ning SOURCE.
The correction field factor is used to adjust the
end magnetic fields so there is smooth transition
in and out of the wiggler. The output of this first
part is in WIGGLER.PAR and WIGGLER.TRAJ.
The first file simply stores the parameters for the
trajectory, while the second file stores the actual
trajectory in the following format:

X Y Z

Bx By 1R
where (X,Y,2) is the usual SOURCE reference
frame, B=vl/c, R the instantaneous radius of cur-
vature. They are both formatted files and metric
units (meter) are used.
The second part uses the trajectory file (WIG-
GLER.TRAJ) from the first part and computes the
radiation at each point, within the photon energy
range specified by the user. The output file (RA-
DIAT.DAT) then stores the CDF of photon emis-
sion along the wiggler in binary form ready for
input to SOURCE. Note that the highest critical
energy wc is determined by the smallest radius of
curvature.

Wiggler Source
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MAKE_ID

4 )

§
§ SVSIMAKE_ID

Type of Insertion Device.

Enter:
for vngqler (large K) [11
fm' undulator (small K] [ 2]

Define Insertion Device parameters:

Enter number of pericds 10
wave le| of ins:rtim device (m) : 0.1
deflect garnmr_e: K: 14.94
corr!cticn ield factor (=1) z 1.0

electron enecay (GeV) : .0
Enter the numg:t of points to be uncd in the trajectery calculation.
{ max = 1001, suggested 101 ) : 10

Two files will be created. One will contain a record of the parameters used in
the calculation, the other the trajectory itself. The names of the files can be
specified by the user, e.g., MYFILE.PAR 2nd MYPILE.TRJ.

Output files specification:

Hame for parameter fils: WIGGLER.PAR
kame for WIGGLER trajectory file: WIGGLER.TRAJ

Trajectory Calculations begins.

calculation Completed, File out results.

Files:

WIGGLER « TRAJ

SAAAARARERREER AN bR d ket WIGGLER RADIATION #*ddddmdktdadanddmamdmnnhd

Hame of input file :

WIGGLER.TRAJ

Read 1001 poinl'_s from input file

Beam energy (GeV) = 1.000000000174087

Radius of curvature (max.) = 6.22665225071368B1E+16 m

(min.) = 2.084481700350933 m

Critical Energy (max.) = 1063.821612058376 eV
(min.) = 3.5613305408526B66E-14 eV

Initial photon ener {ev]: 1

Final ghotcn ener ev | : 100

Name of sutput file : RADIAT.DAT

Total no.of photons = 1.7399069816581998E+16
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MAKE_ID

-

-

3 DIR

Directory DEVEL:[MAXIMUM.FRANCO.FRINGE.WIGGLER 1

RADIAT.DAT;1 87 13-MAR-1389 22:19 (RE,RWED,RE,RE)
WIGGLER. PAR ;1 2 13-MAR-198% 22:15 (RE,RWED,RE,RE)
WIGGLER.TRAJ ;1 290 13-MAR-1989 22:15 (RE,RWED, RE,RE)

;‘atal of 3 files, 379 blocks.

$ TY WIGGLER.PAR N\ Parameter £ile. \\
Parameters used for run creating

WIGGLER case. Trajectory stored in:

WIGGLER . TRAJ
Number of periods
————  INPUT

10

Ingertion deviee Wavel. [ m ] = 0.1000000000000000
Beam Energy [ Gev | = 1.000000000000000
3 - 14.94000000000000

Field correction factor 1.000000000000000
QUTPUT

Gamma - 1‘3‘55 719408033874
Peak Magnetic field [ Tesla | = .600185121255940
Fundamental Ev | = 0 3132615347873075
Fundamental [ Angstroms | = 14704 .78986532713
Equivalent SR C.W. { Angs | = 11.62365513397686

C.E. [eV ] = 1066,662754279258

]

WIGGLER. TRAJ
0.00000000000000002+00 —0.5000000000000000 0.0000000000000000E400
0.00000000000000C0E+00 0.9999938634090963 0.4797355620016315

2,3978852546284019E-07 -0.4990000000000000 0.0000000000000000E+00
4.79
5.58
9.56

=

41950834775524E-04 .9999997544873504 0.4787889134551865
20947756009422E-07 0. 4980000000000000 0.0000000000000090E+00
94776534338392E=04

coo

.9995994115344188 0.4759527036051818

N WIGGLER.TRAJ is the actual trajectory. The first three points is listed.

/

Example:

For the example here, N=10 periods, A=10 cm,
K=14.94, E=1 GeV. Typically, 101 points is suf-
ficient to describe the trajectory of each period.
For the SOURCE part, we use finite emittance to
demonstrate its effects which can be seen at both
the top view and the cross view. The electrons
come to a waist at the middle of the wiggler, as
we have specified in SOURCE. Most photons are
clearly generated near turning points, giving rise
to the two loops when viewing the wiggler head
on. Note the entire wiggler is offset to the positive
x-axis. The photon energy range, on the other

hand, is taken from MAKE_ID (1-100 eV).

Wiggler Source
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Binary Output File Data:

Col Par M ni mum Maxi num Cent er: St. Dev.:
1 X -0.22843E-01 0.47147E-01 0.11786E-01 0. 12239E-01
2Y -49. 962 49. 985 0. 84569 29. 300
3 Z -0.17584E-01 0. 22624E-01 0. 86574E- 05 0. 59984E- 02
4 X -0.78173E-02 0. 80459E-02  -0.10372E-03 0. 45388E- 02
5 VY 0. 99997 1. 0000 0. 99999 0. 00000E+00
6 Z' -0.47680E-02 0. 49928E- 02 0. 97529E- 05 0. 13851E- 02
11 Phot on Energy (eV) 1.0478 99. 523
20 Nunerical Aperture 0. 11507E- 03 0. 80810E- 02
Top View of Wiggler:
Top View
=T ] L] ] T T I I | 1 ] i T | T T 1 i I 1 T [ T I I ¥ LI
0.04 — ) ]
0:02 =
- L
> -
0.00 —
-0.02 — |

-80



SRIO
Stamp


Cross View

57

Cross View of Wiggler:
S
0.02 |—
0.0t |
5 0.00 ER
el ¥ &
-0.01 |-
o
],
-0.02

Wiggler Source


SRIO
Stamp


58 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:
ﬂwmt type : [ 0] regular source
[ 1] viggler
[ 2 ] undulater
Then 7 1
Fils containing the CDF’s 7 CDF100.DAT;1
Sigma along X ? ©0.005
2 ? 0.008

Electron beam emittance.

Beam emittances in X [ at waist ] ? 0.0
Beam emittances in Z [ at waist ) 27 0.0

Polarization compenent of interest. Enter
parallel polarization 1
2

Units are : rads*[ units of length used so far |

Distance of insertion device’s center frem X waist [ signed ) 7 0.0

Distance of insertion device’s center from I waist [ signed )} 7 0.0

~

o

paerpendicular
total 3
then 2
K1=c|].ari.zm:i|:v1-| Selected [ 1-3 1 ? 3
MENU:

Source Dafinitiom

File to store the rays

Source Type [+)

Numbar of random rays (+)
Wiggler or undulator (+)
spatial Type (#)

Cepth

Angle Distribution (+)

Photon Energy distribution (+)
Store optical path

Polarization (+)
Coherence

Wiggler specificatien

Extarnal file
Conversion factor

Plectron emit. [radstuser units])
Emittance im X
z

Device‘'s center from X wais
-

Polarization ecomponent

BEGIN
RAN/RAN
2500
UNDULATOR
GAUSSIAN
OFF

FLAT

OFF

NQ

1[=]
COHERENT

CDF100,DAT;1
0.0000000000000E+00

0.0000000000000E+00
0.0000000000000E+00
6.56000000000000E+00
0.0000000000000E+00

TOTAL

/
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Undulator Source

Undulator Source is the small K case for inser-
tion devices. It is similar to the Wiggler Source
in that both are generated by calling MAKE_ID,
which first generates the single electron trajectory
for both cases. Then they diverge when comput-
ing the photon radiation. Since no simple scaling
relations exist for an undulator, the photon distri-
bution is function of (fw, 6, ) where 6 and ¢ are
the polar and azimuthal angles respectively re-
ferred to the SOURCE Y-axis (forward direction).
Thus the distribution must be recomputed every
time the photon energy range or the polar angle
range is changed (¢ is always taken from 0 to 2r),
even though the physical parameters of the undu-
lator are the same.

This process makes the undulator calculation
very computer time-consuming, so we limit the
(hw, 6, ¢) array to a maximum size of (51,31,31).
If the user is only looking at the peak of a har-
monic, ~ 5 array points in w is sufficient (at least
2 points are needed for the interpolation scheme
to work). For a good description of an entire har-
monic, ~ 10 to 30 points should be used to cover
the wider energy range. Finally to cover more
than one harmonic, the full 51 points should be
used. For the angular part, we recommend using
the (31,31) points whenever possible. This is es-
pecially true for the 6 array because it has more
structures, while the features are usually not as
sharp in the azimuthal ¢ direction.

For the Undulator Radiation part, the user can
choose between entering the parameters from
terminal (TT:) or a namelist file. At the end of
each run a namelist file called UPHOT.PAR is al-
ways created; this can be used (ITER must be re-
set to 0 though, see appendix for User’s Program)
by the user if he needs to run the program again.
For the first pass, we can only use the interactive
process here.

Undulator Source
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CHAPTER 2. DETAILED INPUT DESCRIPTION

MAKE_ID

-

3
$ MAKE_ID

Type of Insecrtion Device.

Enter?

for wiggler {lacrge K) 1]
for ulator (small K) 121
Then 2 2

Define Imsertion Device paremeters:

wavelength of insertion device (m) : 0.035

deflection parameter K z 1.87

correction field factor (=1} : 1.0

electron ener (GeV) : .

Enter the m r of points to be used in the trajectory calculation.
{ max = 1001, suggested 101 )} : 101

Two files will be created. One will contain a record of the parameters used in
the calculation, the other the trajectory itself. The names of the files can be
specified by the user, e.g., MYFILE.PAR and MYFILE.TRJ.

Output files specification:

Hame for parameter file: SSRL.PAR

Name for UNDULATOR trajectory file: SSRL.TRAJ
Do you want & plottable file [ YN | ? ¥
Name for plottable file: SSRL.PFLOT

Calculation Completed, File out results.

PFiles:
SSAL.TRAJ
SSRL.PAR
SSRL.PLOT

Written to disk.

All Done. Trajectory computed and stored on Disk.

AR A ARRR AR NS R RN AR Eeh UNDULATOR RADTATION *% &k & &b i dk bk s sk b %

Paramstare from =
User interactive process  (0)
NAMELIST file

~
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Undulator Source:

We provide a general purpose program to com-
pute the undulator radiation distribution, which is
sufficient for most cases; but the user can use his
own program if he finds our program insufficient
for his needs (see appendix for User’s Program).
To make better use of the array (fw, 6, ¢), its not
equally spaced in the variables; rather we put
them where there are more photons. This in-
volves computing the angular “rings” at each en-
ergy for the first pass, and what we called the op-
timization for the latter passes. At the end of the
first pass, we know the approximate photon dis-
tribution. The optimization process then comes
in: it finds out where there are higher emission
of photons according to the existing distribution,
relocates the array points in (fw, 6, ¢), and then
recomputes the entire photon distribution for the
new array using either the radiation program we
provided or the User's Program. The upper and
lower limits on the three variables are of course
unchanged. This procedure can be repeated as
many time as needed, we do it four times for the
example. The angular patterns as a result of each
optimization are shown as X'-Z' plots below. We
note that the overall features are fairly evident
even before optimization, while the plot after the
last optimization looks more realistic. So the last
distribution (stored in CDF100.DAT;5) should be
used in subsequent ray tracing. A warning here
about artifact: a higher amount of rays may be
generated between the rings due to the linear in-
terpolation scheme used.

The essential output files of MAKE.ID is in
CDF100.DAT (CDF100.DAT;1 is before optimiza-
tion, CDF100.DAT;5 after fourth optimization).
It contains the integrated probability distribution
function (CDF) ready as input to SOURCE. An
unintegrated version is found in RN100.DAT:*.

Undulator Source
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CHAPTER 2. DETAILED INPUT DESCRIPTION

MAKE_ID

-

Choice :1 0 ; -

C tation done i

e supplied program {
user’s program (1

Cholee : 0

(=]

Define Radiation Computational parameters:

Polar coordinate is used here.

£ points in eneegy (51 max) : 7
e theg(n max) = 3l
phi (31 max) = 31

Enter name of tcajectory file from EPATH (inmput } : SSRL.TRAJ

tndulator case.

Trajectory computed by EPATH with folloving parameters:

Humber of points
undulator wavelength
Deflection parameter
Peak magnetic field
Electron enesrgy =

mma
AARARA
Fundamental ener

Fundamental wawv eﬁngu:\ :
hkokkdkdk

101
3.5000000000000000E-02netecs
1.870000000000000

0.5722597698020819
1.300000000000000
3 2543.735230444036

166.8162940850640 eV
T74.33307164977071

tesla
GeV

Angstrom

Parameters for Radiation Computation.
from above table.

Please note value of first harmonie

Enter number of periods: 100
spectrum starting energy [ e

£inal [ &

electron current A

a4

] = 166.6
] = 166.9
Jiz

[ 1.0
Maximum angle between radiation and undulator axis [ mrad ]: 1.0

All undulator parameters defined.
How many times of optimization 7 4

How often do you want a report on calculations ?
4500

E.G., 20, 50,... ?

)\ First pass (before optimization):

B A

Begin calculations.

phi / Horz: Theta / Vert : Energy:

CPU Time: % Completed:

~
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Undulator Source:

They are both unformatted files and use exactly
the same format. For SOURCE, we select a zero
emittance source. Since the photon energy and
the angle range are already pre-determined by
MAKE_ID, there is no need to specify them in
SOURCE.

Undulator Source

Example:

In the example below, we take an undulator of
A = 3.5cm, K=1.87, E=1.3Gev. The correction
field factor modifies the magnetic fields at the
two ends so that the electron trajectory tran-
sits smoothly in and out of the undulator. 101
points are used for each period. The trajec-
tory is now fully defined, and it's parameters are
stored in the file SSRL.PAR and the trajectory
itself in SSRL.TRAJ. An optional plottable file
SSRL.PLOT is also created for demonstration,
which is a formatted 5 columns file in (X,84,Y,1-
By.t) where (X,Y,Z) is the usual SOURCE coordi-
nates, S is v/c, and t the time. The computation
uses metric units and are equally spaced in the
Y-axis.

In this example we are centered at the peak of the
first harmonic, so 7 points in energy is enough.
From the parameters of the trajectory file we note
that the first harmonic is at 166.81 eV, and so we
take the range from 166.6 to 166.9 eV which is
still narrower then the width for a 100 periods un-
dulator. For 6 we go from 0 to 1.0 mrad. Now the
calculation is fully defined which involved 6727
(7x31x31) points, and the user can tell our pro-
gram to update on the screen whenever it finishes
every 20 or 50 points.
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MAKE_ID

f 0.209E=03 0:9176-03 167.

290,

66.82

~

Spectra Computations completed.

Total CPU time used so far: 435.5L99794769287
CPU time per polnt: 6.4742081087695661E-02

Calculation completed.

Begin computation of total power.

0.1967898468476837
Watts.

Preliminary calculations ccmplul:e;i.
Humber of optimizatiom £inished :

Do you want to write out spectra ? 1
Do you want to create a SHADOW file ?

Total Power emitted in the specified angles is:

Mame of file for storing spectra: RN100.DAT

1

Name of (bimary) file for SHADOW: CDFLOQ.DAT
File name for parameter info : UNDULATOR.PAR

Files:
UNDULATOR . PAR
EN100,DAT
CDF100. DAT
written to disk.

N\, First cptimization : N\

Begin calculations.

Phi / Horz: Theta / Vert : Energy: CPU Time: % Completed:
0.209E-03 0.921E-03 187. 280. 66.89
Begin calculations.

Phi / Horz: Theta / Vert : Energy: CPU Time: % Completed:
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-

0.209E-03 0.804E-03 1567. 283,

66.89

Begin calculations.

phi / Horzz Theta / Vert : Emecgy: CPU Time:
0,209E-03 0.804E-03 167. 283,

% Completed:
66.89

Spectra Computations completed.

Total CPU time used so fa 425.2399902343750
CPU time per point: 6 3213912625391917!-02

Calculation completed.

Begin computation of total power.

Total Power emitted in the specified angles is:
0.2482396424582191

Watts.

Preliminary calculations completed.
Number of optimization finished : 1

Do you want to write out spectra ? 1
N'm of file for storing spectra: RNLOD.DAT
Do you want to create a SHADOW f£ile 7 1
Name of (binary) file for SHADOW: CDFL00.DAT
File name for parameter info : UNDULATOR.PAR

Files:
UNDULATOR. PAR
RM100.BAT
CDFL100.DAT
written to disk.

\\ Seecond optimizatien : )\

\M\ And so on through the fourth optimization \\
$ DIR

Directory DEVEL:[MAXEMUM.FRANCO.FRINGE.DEMO)

| Undulator Source
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CDF100.DAT;S 324 13=MAR=1989 23:31 (RE,RWED.RE,RE
CDF100.DAT 4 324 13-MAR-1989 23:03 (RE,RWED,RE,RE
CDF100.DAT;3 324 13-MAR-1989 22:33 (RE,RWED,RE,RE
CDFl00.DAT;2 324 13-HAR-15989 21:5% (RE,RWED,RE,RE
CDF100.DAT;1 324 13-MAR-1989 21:33 (RE,RWED,RE,RE
RN100.DAT;S 324 13-MAR-1589 23:31 (RE,RWED,RE,RE
RN100.DATF4 324 13- 1 23:03% (RE,RWED,RE,RE
RN100.DAT;3 324 13-HAR-1989 22:33 (RE,RWED,RE,RE
RN100.DATF2 324 13-MAR=1989 21: (RE, RWED ,RE,RE
RN100.DAT;L 324 13-MAR-1989 Z1:3Z (RE,RWED,RE,RE)
SSRL.PAR;L 2 13-MAR-1989 21:20 (RE,RWED,RE,RE)
SSRL.PLOTrl 21 13-MAR-1989 21:21 RE, RWED,RE,RE)
SSRL.TRARJIP1 16 13=MAR=1989 2Z1:2l (RE,HRWED,RE,RE}
UNDULATOR . FAR; 2 4 13-MAR-1989 23:3L (RE,RWED,RE,RE
UNDULATOR. PAR; 4 4 13-MAR-1989 23:03 (RE,RWED,RE,RE
UNDULATOR. PAR; 3 4 13-maR-1985 22:33 (RE,RWED,RE,RE
UNDULATOR.PAR; 2 4 13=-MAR=-1%989 21:59 (RE,RWED,RE,RE
UNDULATOR. PAR; 1 4 13-MAR-1989 21:33 (RE, RWED,RE, RE
UPHOT.DAT:z13 320 13-MAR-1989 23:20 (RE,RWED,.RE,RE
UPHOT.PAR;13 2 13-MAR-1985 23:20 (RE,RWED,RE,RE

Total of 20 files, 3621 blocks.
$
\ SSRL.PAR is the parameters file from trajectory calculation. \\

3

§ TY SSRL.PAR

Parameters used for run creating
UNDULATOR case. Trajectory stored in:
SSRL,

TRAJ
and in (formatted file):
SSRL.PLOT
The mwt.gmn case uses 1 period only.

Insertion device Wavel. [ m ]
:cm Energy [ Gev )

3.5000000000000000E~02
1.300000000000000
1.870000000000000
1.000000000000000

- 2543.735230444036
1= 0.5722597698020813
1= 166.8162940850640
1=
1=

-

Field correction factor
————  OUTBUT

Gamma :
peak Magnetie field [ Tesla
Ev

Fundamental
Fundamental | Angstroms 74.33307164977071
Equivalent SR C.W. [ Angs 19,23237966486749

C.E. [ ev ] 644.6690537546344

§ .
\\ SSRL.PLOT is the plottable file of the trajectory. The first 3 points ar
A\ are shown. A\\-

§

§ TY SSRL.FLOT

0.000000000000E+00 0.677628357803E-20 -0.211243686708E-01 0.7727272204058-07
0.000000000000E+00

0.297898966623E-09 0.2112391316446-05 -0.207018612973E~01 0.772743531308E-07
0.140923084077E-11

0.237647068755E-08 ©0.842528581107e-05 -0.202793939239E-01 0.773082147604E-07
0.281846168156E=11

i
§
\\UNDULATOR.PAR 1s the parameter file from the radiation part. N

$
$ TY UNDULATOR.PAR
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Trajectory computed by EPATH with following pacrameters:
¢ of points : 101

Wavelen. {und) :  3.5000000000000000E=02 meters

Fundamental wvl = 74.33307T164977071 angstroms

Fund. energy 166.EL62940B50640 ev

K is : 1.870000000000000

Gamma i 2543,735230444036

Betal ] 0.9999999227272780 C units

Field BO :  0,5722597698020819 tesla

Elsztron energy @ 1.300000000000000 GaV

Read 101 trajectory records from SSRL.TRAJ
NMumber periods used in ERAD:
Total power radiated in the limits [ W ]: 1.8898209057174996E-04

Working with constant dE (units ev) .

Energy interval = 0.0000000000000000E+00

Limits: 166.6000000000000 166.9000000000000

Step @ _0.0000000000000000E+00 Number of points: 7

POLAR ANGLES CHOSEN

Azimutal angle (units rad) .

Limits: 0.0000000000000000E+00 1.5707963267948966E-03

Step : 0.0000000000000000E+00 Mumber of points: 31

Polar angle (units mead) .
Limits: EI OUGOOIODOUUOOGOGE#G{I ;.000000000000000

Step : 0000000000000 0 Mumber of points: 31
Spectra w:lt:en into (bl.nar\r} ti.l&'
RNLOO.DAT

in units: PHOTONS/SEC/eV/RAD**2

$
\\ UPHOT.PAR is a namelist Eile generated at the end of each optimization.

S
g TY UPHOT.PAR

PARAIN
NCOMP = 100,
RCURR =  1.000000000000000 ’
ICOMP = 1,
BEASS = 0.0000000000000000E+00,
IANGLE = 1,
IAPERTURE - 2,
IEXTERNAL - 0,
FOuUT -t

¥
FIN -

FTRAJ =~ 'SSRL.TRAJ
;

EMIN =  166. 6000000000000
EMAX = 166.9000000000000
THEMIN = 0.0000000000000000£+00,

N

67

| Undulator Source
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MAKE_ID

4 R

THEMAX = 9.9999999999999999E-04,
PHININ = 0.0000000000000000E+00,
PHINAX = 1.5707963267948955E+00,
NE - 1.

NT = 31,

NP - i,

NCHECE = 4500,

10PT - '

ITER - i,

IPASS = 0

SEND
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Binary Output File Data:

Undulator Source

Col Par M ni mum Maxi mum Center: St. Dev.:
1 X -0.18902E-01 0. 15474E- 01 0. 69256E- 04 0. 49395E- 02
2Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
3 Z -0.16522E-01 0. 22615E-01 0. 60388E- 04 0. 50354E- 02
4 X -0.98957E-03 0. 99296E- 03 0. 46751E- 05 0. 44681E- 03
5 VY 1. 0000 1. 0000 1. 0000 0. 34527E- 03
6 Z -0.98606E-03 0. 98558E- 03 - 0. 46301E- 05 0. 46783E- 03

11 Phot on Energy (eV) 166. 60 166. 90

20 Nureri cal Aperture 0. 76118E- 07 0. 99957E- 03

No Optimization:

D13:(XRAYOP.OOCUMENT.SOURCE.UNDULATORIBEGIN.DAT;2

e p—_—
: i
= e
A - :
. 2
: ! i
i ,f
) \'. ! reig
Sy 1Y P
5 Y 5 o
o '-\'x % i
o - oo
v -, 5 -~ S &
. e ? sl
4] e - -
z e
Tia, v
e
: - L

15-MAR-1989 18:10

Zero optimlzation

15-MAR-89 18:31:24

H Length 0.24000E-02
H center 0.00000E-00
V Length 0Q.24000E-03
V center 0.00000E-0(Q

EXTERNAL

--G000 ONLY

TOT - 2500
LOST= ° 0

Heri1zontal: 4
Yertical: [
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First Optimization:

D13:(XRAYOP.D0CUMENT.SOURCE .UNDULATORIBEGIN.DAT;3  15-MAR-1988 18:35

First optimization

15-MAR-89 18:36:08

H Langth 0.24000E-02
H center 0.00000E-00
V Length 0.24000E-03
V center 0.00000E-0(

EXTERNAL
--GOOD ONLY

TOT - 2500
LOST = 0

Horizontal: 4
Vertical: =1

Second Optimization:

D13:[XRAYOP.0OCUMENT,.SOURCE.UNDULATORIBEGIN.DAT;4  15-MAR-1989 18:30
==

T T T

Second optimization

15-MAR-89 18:37:26

1|/H Length 0.24000E-02)
H center 0.00000E-O0)
Y Length (.24000E-04
V center 0.00000E-04

EXTERNAL
--GOOD ONLY

TOT - 2500
LOST = 0
Horizontal: 4
Vertical: 6
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Third Optimization:

DI3:{XRAYOP.DOCUMENT.SOURCE_UNDULATORIBEGIN.DAT;S

15-MAR-1980 18:37

Third optimization

15-MAR-89 1B8:38:38

H Length
H center
V Length
V center

0.24000E-02
0.00000E-00
Q.240Q0E-0z
0.00000E-04

EXTERNAL

--GO00 ONLY

TOT -
LOST =

2500
0

Horizontal: 4
Vertical: 6

Fourth Optimization:

DL3:(XRAYOP.DOCUMENT.SOURCE.UNDULATORIBEG IN.DAT;5

15-MAR-1988 18:39

Fourth optimizacion

1|15-HAR-80 1B:30:47

1|H center 0.00000E-00|
1|V Length 0.24000E-03
1Y center Q.00000E-QQ

H Length 0.24000E-02

EXTERNAL

1|--Gooo onLY

ot - 2500

LOST = 0

{|Horizentals 4
J|Vercical: B

| Undulator Source
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CHAPTER 2. DETAILED INPUT DESCRIPTION

NOTES:

e A separate utility USER_UNDUL is also provided for easy inspection of
the spectra. Its very similar to the second part of MAKE _ID where the pho-
ton distribution is computed; it reads in the trajectory file (SSRL.TRAJ)
and then computes the photons/sec/rad?/eV or photons/sec/rad?/bandpass.
For this utility, the user can use as many points as he likes in both energy
and angles since the spectra is computed point by point and no arrays
are used. Cartesian angles are used though, where 6, and 6, are the an-
gles projected onto the x and z-axis. The output is stored in a 5 columns
formatted file: energy, 6;, 6, no. of photons, degree of polarization.
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PROMPT:
f- e SHADONW =eeemmmmmmmecea .
Jun 1988 FuCerrima ECE - UW
X=2Z plame source type [ 0-3 ] 2 0
MENU:
Source Spatial characteristics
Source type POINT
Depth OFF
width [ X ] nf/a 0.0000000000000E+00
height [ Z ] n/a 0.0000000000000E+00
depth [ Y ) nfa 0.0000000000000E+00
sigma X nfSa 0.000000000000QE+0Q0Q
sigma Z nsa 0.0000000000000E+00
sigma ¥ nsa 0.0000000000000E+00
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Point Source Type

Point Source Type
All rays are generated from a single point in the
X —Z plane. The depth of the source (Y -direction)
is prompted for and user-specified in the source
depth.

Example:
One use of a point source is to determine the
point spread function of an optical system (the im-
age of a point), which gives information about the
imaging quality of the system. For a true point
source, NO DEPTH is used along with either a
FLAT, UNIFORM, or CONICAL angle distribution.

Laboratory Reference Frame:

Point Source With UniForm Angle Distribution
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

S

Par

<X N<X

7

OPFrRPOUILA WNPE

N -

M ni mum

[oNeoNoNeoNe]

- 0.

. 00000E+00
. 00000E+00
. 00000E+00
. 49970E- 01

99872
99809E- 02

Phot on Ener gy
Nurrer i cal

Apert

Maxi num Center: St.

0. 00000E+00 0. 00000E+00 0

0. 00000E+00 0. 00000E+00 0

0. 00000E+00 0. 00000E+00 0

0. 49957E- 01 0. 28123E- 03 0

1. 0000 0. 99956 0

0. 99672E- 02 0. 14161E- 03 0
(eV) 0. 00000E+00 0. 00000E+00
ure 0. 20755E- 02 0. 50672E- 01

Dev. :

. 00000E+00
. 00000E+00
. 00000E+00
. 29015E-01
. 00000E+00
. 58881E- 02

PLOTXY Result:

012 [4RA Y0P . DOCUHENT .SO0URCE . POINTPSTIFOINT .DAT: L

£3-H0V-1883 1444

Point Source

e ey

] : ey oy i ek |

29-DEC-B8  16:42:38

HLength D0.20000E-02
H ¢enter 0.00000E+00)
V Langth 0.20000E-03
¥ conter 0,00000E+0C

EXTERMAL

--GBED ENLY

16T - 1000
LesT - 0

Horizontali L

{|Yartical: 3

PR {10 PP e I
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Point Source Type

NOTES:

e For verification purposes, if you want to plot the X — Z plane of a point
source with PLOTXY, be sure to use external limits for the scaling option
and input numbers on the order of +0.001 for the maximum and minimum

values, otherwise you will not get a plot.
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N

PROMPT:
---------------------------------- SHADOW =-—--—= e
Jun 1588 - F.Cerrina ECE - UW
¥X-2 plane seurce type [ 0-3 ] &1
Scurce Width [ x ] 7 2
Height [ 2 ] ? 3
MENU:
source Spatial Characteristics
Source type RECTANGLE
Depth OFF
width { X ] 3.000000000000
height [ 2 ] 2.000000000000
depth [ Y ] n/a 0.1500000000000
sigma X n/a 0.5000000000000E-01
sigma Z n/a 0.5000000000000E-01
sigma ¥ n/a 0.5000000000000E-01

/
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Rectangular Source Type
Rays in the X —Z plane originate within

the bound-

aries of a rectangle. The user supplies the width
(in X) and the height (in Z). The depth, inY, is

specified later.

Rectangular Source Type

Example:

A RECTANGULAR source may be used to model
a source that uniformly illuminates a slit (or is a
slit). A ribbon filament could be another exam-

ple. The source shown in the example
3mm.

is 2mm by

Laboratory Reference Frame:

05:[C_ZBLE UG_EHADBEGIH.DAT 1

26-HOV-1588 12:33

RECEAnsuIEr Source
Exanrle

26=HDV-B8 12:38:4&

HLesngth 3.0000
H eenter 0.00000E=00
¥ Length 4.0000

¥ ¢enter 0,O0DODE-0G

AUTBSCALING

--G880 BNLY

T84T - 000
LBsT - o

Horizonsal: 1
Vertical: 3
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi mum Center: St.
1 X -0.99988 0. 99985 - 0. 40605E- 01 0
2 Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0
3 Z -1.4994 1. 4997 -0. 16572E- 01 0
4 X -0.49680E-01 0. 49957E- 01 0. 15356E- 02 0
5 Y 0. 99870 1. 0000 0. 99957 0
6 Z -0.99941E-02 0.99798E-02  -0. 85504E- 04 0

11 Phot on Energy (eV) 800. 00 800. 00

20 Nunerical Aperture 0. 30107E- 03 0. 50949E- 01

Dev. :

. 56542
. 00000E+00
. 88398
. 28606E- 01
. 00000E+00
. 60022E- 02

PLOTXY Result:

Rectanqular Plane S

All Points at Y=0
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Rectangular Source Type

NOTES:

e When plotting a source that is rectangular but not square, use cartesian
or external limits for the scaling option if you want to preserve the shape
of the source.



82 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

———= SHADOW =emcmmmm e . amu-
F.Cerrina ECE - UW

X-2 plane source type [ 0-3 ] ? 2
Source Width [ x ] 7 J

Hedght [ 2] 7 2 '
How many concentric ellipses within the source 7 10
How many points on each ellipse ? 16

-
o

MENU:

\
/

Source Spatial Characteristics

Source type ELLIPSE
Depth OFF
width [ X ) 3.000000000000
height [ 2 ] 2.000000000000
depth [ Y ) n/a 0.1500000000000
sigma X n/a 0.5000000000000E-01
sigma 2 n/a 0.5000000000000E-01
sigma Y n/a, 0.5000000000000E=-01

Source Modelling

Mode selected GRID/GRID
Number of randem rays n/a 1000
Random number seed n/a 12853
«:s GRID part
Points along X 10
¥ n/a 1
b 16
X g
VZ 1
Points along cone radius nfa 1
circle nfa 7
MHo. of X phase space é€llipse (+}] nfa 1l
(%) n/a 1
Points along each X sllipse nfa l
z nfa 1
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Elliptical Source Type

Rays in the X — Z plane are generated within an
ellipse. The user supplies the major axis of the
ellipse as the width in X, and the minor axis of
the ellipse as the height in Z. Also, if the source
model is GRID in real space the user gives the
number of concentric ellipses along with the num-
ber of points around each ellipse.

Example:

The ELLIPTICAL source type is well suited to ap-
plications involving the illumination of a pinhole
or circular aperture. The plot shown below is in
GRID with 16 concentric ellipses with 10 points
on each ellipse, and with 3mm by 2mm major and
minor axes respectively.

Laboratory Reference Frame:

Elliptical Source Type

___;.-'—"'_‘_\'\ i
}I}“’ \o2f
S

Elliptical Plane Source Type

All rays at y=0, Ellipse boundary shown
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi mum Center: St. Dev.:
1 X - 3. 0000 3. 0000 0. 12885E- 07 1. 5000
2Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
3 Z -1.9021 1.9021 0. 49070E- 07 1. 0000
4 X 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
5 Y 1. 0000 1. 0000 1. 0000 0. 00000E+00
6 Z 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. O0000E+00

11 Phot on Energy (eV) 0. 00000E+00 0. 00000E+00

20 Nunerical Aperture 0. 00000E+00 0. 00000E+00

PLOTXY Result:

O5:CC_EELE.UG_EXA.

S_TYPEJELLIP.GR.DAT:1

1 1

29-HOV-1988 15:22

Elliptical Source
ExafPle - Grid

e
-

|r'r1'1-'l'r'rrr

L LR R Lk
6-DEC-88 ©8:55:27

||H Length  8.0000
H ¢enter Q.00000E+00)
|V Longen  8.0000

¥ eenter 0,00000E-+0G

EXTERNAL

--G880 BNLY

TaT - 180
LBsST - 0

Hor1zonzals L
Voruical: ]
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Elliptical Source Type

NOTES:

e To preserve the source shape when plotting with PLOTXY, use the carte-
sian or external limits scaling option. Otherwise ellipses will tend toward
circles in appearance which may be misleading.

e The radial density of rays in the ellipse increases radially to maintain con-
stant surface energy density.
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PROMPT:

CHAPTER 2. DETAILED INPUT DESCRIPTION

Jun 1988

X-2 plane source type [ 0-3 ] 7 3
Sigma along X ? .5
cosled L R

-

F.Carrina

N

MENU:

~

Source type
Depth
width
height
depth
sigma X
sigma 2
cigma ¥

[ X]
[ 2]
L¥1l

Source Spatial Characteristics

/

GRUSSIAN

QFF

3.000000000000
2.000000000000
0.0000000000000E+00
0.5000000000000
0.Z500000000000
0.0000000000000E+00

n/a
n/a
n/a

n/a
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Gaussian Source Type

The cross section of the beam in the X — Z plane
has a gaussian distribution which is characterized
by the standard deviations in the X and Z direc-
tions (no correlation between X and Z). The mean
of both of the distributions is zero by default, i.e is
centered on the Y axis. The mean may be offset
by moving the source in the TRACE mode. This
plane source type is generated only in RANdom
real space.

Gaussian Source Type

Example:

The GAUSSIAN Plane Source Type is used to
model a gaussian beam. Possible examples are
a laser or a synchrotron radiation source, both of
which may have gaussian intensity distributions in
their cross sections.

Laboratory Reference Frame:

Gaussian Plane Source

All points at =0, 3 St. Dev circles shown
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi mum Center: St.
1 X -1.5768 1. 4417 0. 10786E- 01 0
2Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0
3 Z -0.89408 0.79141 0. 75340E- 02 0
4 X 0. 00000E+00 0. 00000E+00 0. 00000E+00 0
5 Y 1. 0000 1. 0000 1. 0000 0
6 Z 0. 00000E+00 0. 00000E+00 0. 00000E+00 0

11 Phot on Energy (eV) 0. 00000E+00 0. 00000E+00

20 Nunerical Aperture 0. 00000E+00 0. 00000E+00

Dev. :

. 48496
. 00000E+00
. 25315
. 00000E+00
. 00000E+00
. 00000E+00

PLOTXY Result:

O E6=: CRUMKLE (UG . GAUSSPSTIBEGIN.DAT: 1

T

E-DEC-1888 22165

Gaussian HI Plane

~—T

M b s Mkl

C-DEC-88 22:8%:83

(| ¥ Langth

HLangth 4.0000
H ¢anter 0L00C00E:QQ
4.0000
1Y center 0.00C00E-DQ

| CARTESIAN

==G@B0 BNLY

TaT -
LBST -

1000
]

Horizoensali
Yarticals

l
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Gaussian Source Type

NOTES:

¢ Notice the correspondence in the value specified and those “measured”
by PLOTXY (in the “St. Dev. "column): ox = 0.5 - 0.485, 0z = 0.25 -
0.251.



90 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

é N

= r—— -SHADOW - -
Jun 1988 F.Cerrina ECE - UW

Source Depth [ 1-4 ] ? 1

-
N

MENU:

\
/

Sourca Spatial characteristics

Sourea type RECTANGLE
Dapth OFF
wiath [ X ) 3.000000000000
height [ Z ] 2.0000000:00000
depth [ ¥ ) n/a 0.1500000000000
slgma X n/a 0.5000000000000
sigma 2 nfa 0.2500000000000
sigma Y n/a 0.0000000000000E+00
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No Source Depth

The source depth is the spread of the source in
the Y direction in real space. If the source model
is GRID, the number of points along the depth
must be given to SHADOW, and be equal to at
least 1. For the no depth option, the rays are
generated with no variation in Y at the source. In
MENU mode, this option is specified as OFF.

Example:

A ribbon filament source has no depth because
the radiation is emitted at the surface of the rib-
bon. The same is true for a black-body cavity.
These sources would be created with the depth
OFF. The plot below shows the X —Y plane to
demonstrate that the distribution of rays is in a
single plane in the Y -direction.

Laboratory Reference Frame:

No Source Depth

Na Depth

All Points at Y=0
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi mum Center: St. Dev.:
1 X -1. 4964 1.4974 0. 22205E-01 0.87818
2 Y 0. 0O0000E+00 0. 0O0000E+00 0. 0O0000E+00 0. 0O0000E+00
3 Z -0.99976 0. 99586 0. 12581E- 01 0.57292
4 X -0.49921E-01 0. 49903E- 01 0. 14935E- 03 0. 27602E-01
5 Y 0.99872 1. 0000 0. 99960 0. 00000E+00
6 Z° -0.99815E-02 0. 99857E- 02 0. 19558E- 03 0. 57881E-02
11 Photon Energy (eV) 0. 00000E+00 0. 00000E+00
20 Nunerical Aperture 0. 87375E- 03 0. 50688E- 01
PLOTXY Result:
05:CC_EEZLE.USH. SOURCE_DEPTHIHO_DEPTH.DAT i 26-HOW- 1888 13166
i ¢ : / : 1 Wo Source Dapth
i | | 1 1 1 E
[ I I T T[reRTpTITITTY
| 30-DEC-88  14:43:43
Hlength 3.0000
I 7 H eenter 0.00000E+00)
¥ Length  3.0000
! 1 ¥ center 0,00000C-04
CARTESIAN
= ] -G080 BNLY
T84T - 1000
3 LBET - 0
r Horyzontal: g
i Vertical: 3
]
L 1 1 1 1 L L 1
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No Source Depth

NOTES:



94 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

Jun 1988

Source Dapth [ 1-4 ] 2 2
Source Depth 7 .15

-
o

MENU:

*\\\
/

Source Spatial Characteristies

53;3 type RECTANGLE
UNIFORM
width X ] 3.000000000000
haight [ 2 ) 2.000000000000
_ depth [ Y ] 0.1500000000000
sigma X n/a 0.5000000000000
sigea 2 n/a 0.2500000000000
sigma Y n/a 0.0000000000000E+Q0Q
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Flat Source Depth

The rays are positioned according to a uniform
depth distribution, i.e. a ray has equal probability
of being assigned any value of Y within a user
specified interval. This interval is the depth of the
source. In MENU mode this distribution is noted
as UNIFORM.

Example:

Suppose the user wants to model a gas or a
transparent three dimensional object that is radi-
ating uniformly. The FLAT depth distribution is a
suitable model for these sources. Shown below
is a plot of a source with a uniform depth of 0.15
mm.

Laboratory Reference Frame:

Flat Source Depth

Flat Depth Distribution

All source points are conFined 1n the box
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

SroOUAWNE 8

N -

Par M ni mum Maxi num Center: St.
X -1.4988 1.4996 - 0. 80459E- 02 0
Y -0.74852E-01 0. 74854E- 01 0. 11277E- 02 0
Z -0.99601 0.99913 - 0. 40586E- 02 0
X -0.49771E-01 0. 49909E- 01 -0.12477E-02 0
Y 0.99871 1. 0000 0. 99957 0
Z' -0.99748E-02 0. 99606E- 02 0. 43271E- 04 0

Photon Energy (eV) 0. 00000E+00 0. 00000E+00

Nunerical Aperture 0. 20702E- 03 0. 50819E- 01

Dev. :

. 87779
. 42812E-01
. 58142
. 28820E- 01
. 42286E- 03
. 57035E- 02

PLOTXY Result:

05:(C.EBLE.USG . SOURCE_DEPTHIFLAT .DAT : |

-

¥

26-HOV-1 988 13:23

Flat source Derth

==

S STt s e R

38-DEC-88 1d:47:19

Hlength 3.0000
H canter 0.00000E+00
¥ Length  3.0000
¥ conter 0.00000E+0(

CARTESIAN

—G@880 BNLY

T6T - 1000
LEET - o}

Hor1zontali 2
Vertical: 3
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Flat Source Depth

NOTES:



98 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:
~-5SHADOW =—- —
Jun 1988 F.Cerrina ECE - UW
Seurce Dapth [ 1-4 ) 7 3
Sigma aleng depth 7 .45
MENU:
Source Spatial Characteristics
Sourcae type RECTANGLE
Depth GAUSSIAN
width [ X ) 3.000000006080
height [ Z ] 2000000000000
depth [ Y ) nfa 0.1500000000000
sigma X nfa 0.5000000000000
gigma I nfa 0.2500000000000
sigma Y 0.4500000000000E-01
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) Gaussian Source Depth
Gaussian Source Depth

The depth is determined by a gaussian distribu-
tion with mean zero and standard deviation (oy)
supplied by the user. The mean may be changed
in TRACE mode by offsetting the source in the Y
direction.

Example:
An example of a gaussian depth could be a sin-
gle bunch of electrons in an electron storage ring.
Notice that using a gaussian source in (X,Y,Z)
with the same o will give a spherical gaussian
source.

Laboratory Reference Frame:

Gaussian Depth Discribution

| S¢: Oav. 1n Dashad lines, 3 St. Dav. 1n Box
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum

1 X -0.99873
2Y -1. 5463

3 Z -0.99923

4 X 0. 00000E+00
5 Y 1. 0000

6 Z 0. 00000E+00
11 Phot on Ener gy
20 Nurreri cal Apert

Maxi num Center: St. Dev.:
0.99844 0. 12886E- 01 0. 58235
1.6991 0. 60299E- 02 0. 49791
0. 99983 -0. 63615E-02 0. 58969
0. 00000E+00 0. 00000E+00 0. 00000E+00
1. 0000 1. 0000 0. 00000E+00
0. 00000E+00 0. 00000E+00 0. 00000E+00
(eV) 0. 00000E+00 0. 00000E+00
ure 0. 00000E+00 0. 00000E+00

PLOTXY Result:

DISKY: (RUHKLE . WG . CAUSSDPTIBEGIN.DAT 11

=TTy

i

L] =

5-DEC-1988 22:19
gaussian Derth

|

] | i il gl e W

5-DEC-88 22:22:50

HLangth 4.0000
Hcenter 0.00000E+00
¥ Lengeh 40000

Y <enter 0.00000E-0(

CARTESIAN

=G8@0 BNLY

TaT - 1000
LasT - 0

Horizonsal:
Vertical: 1

el ey FETETL YR PP 1YY PP
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Gaussian Source Depth

NOTES:



102 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

4 )

- SHADOW
Jun 1988 F.Cerrina ECE - UW

Source Depth [ 1=-4 ] 7 &4
Notice: the ORBIT radius MUST be in the same units as the rest
of the optical systea.
Use negative ORBIT radius argument for CCW storage ring.
Oorbit Radius [ same as other units ] 220813
Horizontal half-divergence [ (+)x, rads ] ? .05
[ (-)x, rads ]} ? .05

-~
o

MENU:

\
/

Source Spatial Characteristics

Source type RECTANGLE
SYNCHROTRON
videh [ X ) 3.000000000000
height [ ) 2.000000000000
depth [ ¥ ) n/a 0.1500000000000
sigma X 0.5000000000000E-01
sigma 2 0.5000000000000E-01
sigma ¥ n/a 0.6000000000000

synchrotron Machine Description

Source selected SYNCHR
Emittances: [ rads+OE units )
Electron Beam X emittance @.3000000000000E-02
z 0.3000000000000E-02
Distance from X wvaist $0.00000000000
z 50.00000000000
Elactron Beam Energy [ Gav ) 1.000000000000
orbit radius [m ] 2.083300000000
orbit rad. [ same units as OE 2083.300000000
Distribution type FHOTON
Polarization selected TOTAL



SRIO
Stamp

SRIO
Stamp


103

Synchrotron Source Depth

The depth of a synchrotron source is character-
ized by the geometry of the system. The param-
eters are the machine radius and the horizontal
(X”) beam divergence; the depth increases with
increasing machine radius and increasing diver-
gence. The exception here is that the depth is
NOT independent of the divergence. The syn-
chrotron depth was designed to be used in con-
junction with the synchrotron angle distribution.
The machine and beam parameters are to be
specified in the angle distribution section. A syn-
chrotron source is typically used with a gaussian
X — Z plane source distribution, although others
are equally valid.

Synchrotron Source Depth

Example:

This model is applicable to radiation emitted by
charged particles being accelerated in a circular
trajectory.

Laboratory Reference Frame:

Synchrotron Depth with Gaussian XZ palne Distribution

N

2 5t. Dev. sllipses at y= «Ff- 20
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi num Center: St. Dev.:
1 X -1.8622 2. 0817 0.21170E-01 0. 66697
2 Y -20. 815 20. 832 -0. 17096 12. 167
3 Z -1.1886 1.0742 0. 45658E- 03 0. 36646
4 X -0.99905E-02 0. 99998E- 02 -0. 82015E- 04 0. 58405E- 02
5 VY 0. 99995 1. 0000 0. 99998 0. 00000E+00
6 Z -0.88765E-03 0. 88991E- 03 -0. 14414E- 05 0. 28656E- 03
11 Photon Energy (eV) 400. 16 4962.7
20 Nunerical Aperture 0. 76989E- 04 0. 10011E-01

PLOTXY Result:

PI5KM: CRUHELE . UG, SYHCHDP T JBEGIN. DAT 2 §-DEC-1388 22151

ey

s R

. ( ) H 54 SyrCheotron Desth

— R — E————3| -60e0 ey

l T LR | o RE | s b bl

§-DEC-98 22:53:07

Hliength 1D0.00
H center O.00000E+00
41Y Lengzh  100.00
w ll = <Y seaser 0.00000E+0C

CARTESIAN

i
L
PP -

TéT - 1000
LBsT - o

Hor1zontal: 2
Vernieal: 1

L 1 ran L Laliadaalasl.
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Synchrotron Source Depth

NOTES:



106 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:
SHADOW =———em—————————ae
Jun 1988 F.Cerrina ECE - UW
Source Angle Dietribution [ 1-6 ] 7 1
Herizeontal half-divergence [ (+)x, rads ) 7 .04
W [ (-)x, rads ] 2 .04
Vertical [ (#)z, Tad=s ) ? .005
[ (-)=, xads ) ? .005
MENU:
Source Angle Distribution
Angle distribution (+) FLAT
Use RADIANS for anglas hara.
Use ABSOLUTE values.
Horizontal divergence [A(+)] 0.4000000000000E-01
[x(-1] 0.4000000000000E-01
vertical divergence [Z(+)] 0.5000000000000E-02
[z(=11 0. 5000000000000E-02
cone internal half-aperture n/a 0.0000000000000E+00
external n/a 0.0000000000000E+00
Horizontal Sigma [ X] n/a 0.0000000000000E+00
Vertical Sigma [ 8] n/a 0.0000000000000E+00
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Flat Angle Distribution

The source angle distribution dictates how the
rays in momentum space will be generated. If
GRID is chosen as the model in momentum
space the user must supply the number of points
in the X’ and Z’ directions. In Flat angle distribu-
tion, the rays have an equal probability of being
assigned any angle within the user specified in-
terval of horizontal and vertical half-divergences
(in radians). This source will not illuminate uni-
formly a sphere centered on it, but rather a plane.

Flat Angle Distribution

Example

Flat source angle distribution models a uniformly
illuminated plane or portion of a plane.

Laboratory Reference Frame:

jid
SR

&
!

N

f
| .'I-

n

Flat = 2L = const

ds
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

SroOUAWNE 8

N -

Par M ni mum

X 0. 00000E+00

Y 0. 00000E+00

z 0. 00000E+00

X -0.39958E-01

Y’ 0. 99920

Z  -0.49836E-02
Phot on Ener gy
Nurreri cal Apert

Maxi num Center: St. Dev.:

0. 00000E+00 0. 00000E+00 0. 00000E+00

0. 00000E+00 0. 00000E+00 0. 00000E+00

0. 00000E+00 0. 00000E+00 0. 00000E+00

0. 39785E- 01 0. 72294E- 03 0.22674E-01

1. 0000 0. 99974 0. 00000E+00

0. 49873E- 02 0. 11776E- 04 0. 28893E- 02
(eV) 0. 00000E+00 0. 00000E+00
ure 0. 60951E- 03 0. 40103E-01

PLOTXY Result:

05 (G.EBLE. US.EXA.AHGLE JBEGTH . DAT i1

(TR

-

ch-HOV-1888 13:34

FIat Anale DisTribut
ian

—————

W e (i R M

]
(]

i
]

c6-HOV=B88 13:37:59

H Length 0.10000

H eanter 0.00000E-00
¥ Length 0.20000E-0!
¥ censer 0.00000E+0C

AUTASCALING

--GBOD ENLY

18T - 1000
LBsT = 0

Kor1rontal: -
Vartical: 8
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Flat Angle Distribution

NOTES:



110 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:
----- —— -~~~ SHADOW -- —— —-——
Jun 1988 F.Cerrina ECE - UW
Source Angle Distributien [ 1-6 ] 7 2
Horizontal half-divergence ([ (+]x, rads ] 7 .05
[ (=)x, rads ] ? .05
Vertical [ (+)z, Tads ] 7 .01
[ (=}z, rads ] ? .01
MENU:
Source Angle Distribution
Angle distribitien (+) UNIPFOIM
Use RADIANS for angles here.
Use ABSOLUTE values.
Eorizomtal divergence [X(+)] 0.5000000000000E-01
x{-)1l 0.50000000004000E-01
Vertical divergencse [Z(+)] 0.1000000000000E-01
[3(=)] 0.1000000000000E-01
Cone imtermal half-aperture n/a 0.0000000000000E+00
external n/a 0.0000000000000E+00
Horizomntal Sigma i n/a 0.0000000000Q00E+0Q0Q
Vertical Sigma [Z] n/a 0.0000000000000E+00
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Uniform Distribution

Uniform Distribution
With a uniform distribution, the intensity of the
source incident on a plane varies as the cosine
of the angle of the ray with respect to the opti-
cal axis, following Lambert’s law. This means a
uniform brightness source, where the flux flow-
ing into a solid angle dQ from an area dA is in-
dependent of the observation angle. In general,
‘(’j—'g‘ = cos6. For the case of an isotropic source,

see the “Conical Source” case.

Example:
The Uniform source angle distribution models a
radiating gaseous sphere such as the sun, a
frosted glass sphere or a black-body cavity.

Laboratory Reference Frame:

et =t

&
!
!

&

# e

L 4

}‘,r...; !frul"i-' I
~
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

S

N -

OPFrROULh WNEF

Par

X N < X

3

Y
7

M ni mum

[oNeoNoNeoNe]

- 0.

. 00000E+00
. 00000E+00
. 00000E+00
.49971E- 01
. 99871

99941E-02

Phot on Ener gy
Nureri cal Apert

Maxi num Center: St.

0. 00000E+00 0. 00000E+00 0

0. 00000E+00 0. 00000E+00 0

0. 00000E+00 0. 00000E+00 0

0. 49834E- 01 -0. 39708E- 03 0

1. 0000 0. 99958 0

0. 99945E- 02 -0. 26348E- 03 0
(eV) 0. 00000E+00 0. 00000E+00
ure 0. 15102E- 02 0. 50852E- 01

Dev. :

. 00000E+00
. 00000E+00
. 00000E+00
. 28406E- 01
. 00000E+00
. 57903E- 02

PLOTXY Result:

D1E54: [RUNKLE UG _UNIFRNSADIBEGIH .DAT =1

{6-DEC-1988 16:27

Uniforn Ana Dsth

e p———

—

555

5

™ '4-;-!
P

_l_v'

7 g
 Fpo
e
A
Wi

:

ITATYRTRT| FRTEL TTIN

16-DEC-B8 16:29:5&

H Length 0.20000

¥ Length 0.20000

H cenzer 0.00000E+00

Y center 0,00000E+0(

CARTESIAN

-G080 BNLY

T@8T - 1000
Lesy - o

Herazonzali 4
Yertical: 6
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Uniform Distribution

NOTES:



114 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

4 )

—————— e -~ SHADOW - -
Jun 1988 F.Cerrina ECE - UW

Source Angle Distribution [ 1-6 ] 7 1

Horizontal half-divergence [ (+)%, rads ] 7 .05
{ (-)x, rads ] ? .05

Vertical [ (+]2, Tads ) 7 .01
[ (-)=z, rads ) ? .01

Vertical sigea [ rads ] ? .01

Horizontal 7 .01

-~
o

MENU:

*\\\
/

Source Angle Distribution
Angle distribution (+) GAUSSIAN

Use RADIANS for angles here.
Use ABSOLUTE values.

Horizontal divergance [X(+)] 0.5000000000000E-01
[(X(-)] 0.5000000000000E-01

Vertical divergence [Z(+)] 0.1000000000000E-01
[(2(-)1 0.1000000000000E-01

Cone internal half-aperture n/a 0.0000000000000E+00
external n/a 0.0000000000000E+00
Horizemtal Sigma B 0.1000000000000E=01
Vertical Sigma [ 51 0.1000000000000E-01
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. o Gaussian Angle Distribution
Gaussian Angle Distribution

The gaussian angle distribution is characterized
by four parameters, the standard deviation in X’
and Z’; the maximum divergence in X’ and Z’.
The mean of the distributions is zero by default.
The standard deviations determine the spread of
the angle distributions while the maximum diver-
gence acts as a cutoff.

Example:
This source angle distribution would be appropri-
ate in the modelling of a laser or an undulator.

Laboratory Reference Frame:

Gaussian Source Angle Distribution

Shown with 3 St. Dev. carcles at y=100
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

&

Par

OFrRPOOUITA~A WNEPE
N < X N < X

N -

[oNeoNoNeoNe]

M ni mum

. 00000E+00
. 00000E+00
. 00000E+00
. 38049E- 01

- 0.
Phot on Ener gy
Nuneri cal

99920
37165E-01

Apert

Maxi num Center: St. Dev.:

0. 00000E+00 0. 00000E+00 0. 00000E+00

0. 00000E+00 0. 00000E+00 0. 00000E+00

0. 00000E+00 0. 00000E+00 0. 00000E+00

0. 29802E- 01 -0.14766E- 03 0. 99368E- 02

1. 0000 0. 99990 0. 64594E- 03

0. 37051E- 01 - 0. 48994E- 03 0. 10293E-01
(eV) 0. 00000E+00 0. 00000E+00
ure 0. 60327E- 03 0. 40032E-01

PLOTXY Result:

DISKY:

[RUNHKLE UG _GARUSSSADIBEGIH.DAT: 1

|

)

16-DEC-1588 16:28

Gauss Anale 0stb

L

16-DEC-B8 16:22:15

H Length 0.15000
H sentar -0.25000E-01
¥ Length 0.10000

Y esnter 0.00000E-0G

CARTESIAN

==G@@0 ENLY

jjLest -

T6T - 1000
0

1| Yertacal:

Hor1zontal: 4
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Gaussian Angle Distribution

NOTES:

e The maximum divergence is ignored in the current version of SHADOW.
Thus the only parameter that dictates the distribution is the standard de-
viation. This will be fixed in a later release.
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PROMPT:

f’ a3 HADOmw \
Jun 1938 F.Cerrina ECE - Uu

0.K., got it so far.
Source distribution ncw. We zay use

1) for a flat source
(2) unifora 8.
() gaussian s.
(4) synchrotron
E 2 ; conical

exact synchretren
Source Angle Distribution [ 1-5 ] ? &

Horizontal half-divergenes [ (+)%, rads ] ? 0.00%
[ (-1x, rads | ? Q.00%

Vartical {+)z, rads ] ? 0.002
? 0.002

(=)z, rads ]
Magnatic Radfus [ = ] ? 2,0833
Notice: the ORBIT radius MUST be in the same units as tha rest
ua: the coptical systam.
Ss negative ORBIT radius argument for CCW storage ring.
Orbit Radius [ same as other units ] 72083.3 i e

orbit Radius [ sase as other units ] 72081.3
Do you want o include electron beam eaittances Y™ )ty
Units are : rads*{ units of length used so far |

S

N

MENU:

4 )

Source Angle Distributiecn

Angle distribution (+) SYNCHR

Usa RADIANS for angles here.
Use ABSOLUTE waluas.

Herizental divergance [X(+)] 0.5000000000000E=02
[X(=)] 0.5000000000000E-02
Vertical divergence [I(+)] 0.2000000000000E-02
[2(-1] 0.2000000000000E=02
Cone internal half-aperture n/a 0.0
external n/a 0.0
Horizontal Sigma [ X ] n/a 0.0
Vertical Sigma [21] n/a 0.0
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Synchrotron Angle Distribution

Synchrotron Angle Distribution ‘

(4) Synchrotron (Interpolated)

Divergences: These represents the limits within

which the rays will be generated in the vertical

and horizontal directions.

Machine parameters

Magnetic Radius: This value needs to be in me-

ters because of the algorithm used to generate

the photon distribution.

Orbit Radius: Same as above, but in user units.

SHADOW needs to know the units used by the v
user so that the radius of the orbit will have ap-
propriate values. Notice that in principle this
value may be different from the magnetic radius,
although such a source would be meaningless.
Note a negative orbit radius signifies a storage R

ring with electrons running in the CCW direction

when viewed from the top, while a positive value =

represents a CW direction —> =
Emittance Y/N: Used to specify effects of finite e- B

beam size and angle spread. If not selected the

electron beam is assumed to be perfectly colli-

mated, with all orbits parallel to the central one.

If selected, the beam is treated as a gaussian a=(+)e

beam propagating along the magnet, assumed B=(-)=

without focusing actions. This is certainly true for

the short arcs typical of bending magnets sources

(a few milliradians). The effect of finite beam

angle divergence depends on its value relative

to the radiation FWHM; it should be small on

low-energy machines, noticeable on high-energy

ones. The values should be obtained from the

machine group for the particular magnet under

study.The emittance is the product of the spatial

and angle standard deviation:

A

€xz=0xz'Oxz (2'1)
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PROMPT:

~

Beam emittances in X ([ at wvaist 1 1. Oe=5
Distanca from waist [ signed ] 2

Beas u:.u.ances 2L at uaist ] ’ ‘l. 0&-7
Distanca frem waist [ signed l

Eleciron Deaa ECnszgy [ eV |

Polarization ccaponent of inmterest. Enter
parallel polarizationm
parpandicular
total
then ?

Polarization Selected [ 1-3 ] 7

‘na; scurce can be generated |ocuruinq to either (0] photonms or (1] power discr
ution.

Distribution tvoe r9.11 2 0

N /

MENU:

é )

Synchrotron Machine Description

Source selected SYNCHR
Emittances: [ rads*OE units ]
Electron Beam X emittance 0.1000000000000E-04
z 0.1000000000000E-06
bDistance from X wvaist 500.
z =500.
Electron Beas Energy { Gc\l’ ] 1.
orbit radius ] 2.0833
Orbit rad. [ same n:u.ts as OE 2083.3
Distribution typa PHOTON
Polarization selected TOTAL
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and it is often specified in meters - radians. (Notice
that our definition does NOT include a factor of 2z
— verify with the source of your data if their defini-
tion does; if so, divide the numbers by 2r).

Here you will have to use the same units of length
(i.e. cm, mm) that you are planning to use in the
TRACE part of SHADOW, times radians. Notice
that o,x was specified earlier; it can be zero.
Emittance at waist: The electron may be con-
verging, diverging or at a focus (waist) at the
source tangent point. In the case that it is not, the
SOURCE needs to take that into account in order
to compute the correct model. The new standard
deviation becomes:

02 ,8) = 0%,(s = 0) + 0% 52 (2.2)

where s is the distance from the waist. The inclu-
sion of the emittance effects will result in a tilted
phase space (see example). The distance sign
from the waist means:

positive - downstream
negative — upstream (2.3)

and, as usual, must be in user’s units. Thus, pos-
itive values mean a diverging electron beam.
Electron beam energy: The machine energy, in
GeV. No energy spread is assumed.

Polarization: This flag selects which of the polar-
ization components SHADOW will create. In gen-
eral, use [ 3].

Photons/Power: This directs SHADOW to use ei-
ther one of two possible stochastic models. In
the first, the probability of finding a ray at photon
energy E is obtained from the N(E) curve, in the
second from the P(E) = N(E)E curve. The two
models are not too different over a small photon
energy range; not so over a large range.

Synchrotron Angle Distribution
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CHAPTER 2. DETAILED INPUT DESCRIPTION

The choice between the two depends for what
purpose the calculation is being setup. If you are
interested in computing power densities, for ex-
amples, then you should select [ 1 ] but be sure to
read the part on power density calculation in the
relative section of the UG. In any other case, you
should select [0 ].

Example:

The model uses a set of precomputed vertical an-
gle distributions and then interpolates the data to
find the distribution corresponding to the speci-
fied photon energy. The data are stored in the
file SRSPEC.DAT and contain an (exact) source
at 1000 photon energies between 0.000001 e
and 10 e. These limits define the photon en-
ergy range within which the photon energy can
be specified; other values will cause an error. A
longer discussion is available in the Introduction
and should be read carefully.

The example shown refers to Aladdin, the elec-
tron storage ring of the University of Wisconsin
(although the values of emittance and waist po-
sitions are only for illustration purposes). It is in-
structive to run the same case with a fictitious ma-
chine of 5 GeV beam energy.

Notice that SOURCE does not ask any question
about beam current; this is because of the
sampling scheme discussed in the Introduction —
whatever the current in the machine, the number
of rays specified represents a linear fraction of
the total flux. The current stored is of importance
for the case of power densities and its value is
normally asked by the post-processor programs
(such as PWR_DENS).
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Binary Output File Data: Synchrotron Angle Distribution

Col Par M ni mum Maxi mum Center: St. Dev.:
1 X -0.37723 0. 44268 0. 12268E-01 0. 11205
2 Y -10. 406 10. 383 0. 14166E- 01 6. 0394
3 Z -0.32709E-01 0. 35049E-01  -0. 33003E-03 0. 11223E-01
4 X -0.50643E-02 0. 51778E- 02 0. 34638E- 05 0. 29040E- 02
5 VY 0. 99999 1. 0000 1. 0000 0. 00000E+00
6 Z -0.10511E-02 0. 12995E-02 -0.13872E-04 0. 35709E- 03
11 Photon Energy (eV) 300. 09 4784. 6
20 Nunerical Aperture 0. 88542E- 04 0. 51837E-02

Photon Energy vs Z’:

DI 3:HAXRAYOP . DOCUMENT .SOURCE.SYNCHSADIBEGIN.DA T: 4

L T L] T T L]

- -
1

.

.

- —
i |

i ' |

] | |

Pt s o TR | €

27-MAR-1989 14:39

Froton Energy

o7 -MAR-89 14:42:40

—— v "T"""""]

T | T T T ey mm

H Length
H center
¥ Length
YV center

15000.

2500.0
0.10000E-01
0.00000E-00

. AUTOSCALING

--GO00 oMLY

0T -
LOST -

1000
1]

Horizontal: 11
Vertical:
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PLOTXY Result: A synchrotron source in X and Z.

DL3: CXRAYOP . DOCUHENT .SOURCE. SYHCHSADIBEG IH.DAT 11 38-DEC-1988 87:23

3 ; : 4 : ] SR SOUFCe X1 Plane

T
L

T T Wil i s
J8-DEC-8@ 15:53:12

I|H Length 15000
. 4|H center 0,25000
- -k =|¥ Lengzh 2.0000
' 11Y center 0.00000E+04

CARTESIAN

_.-_,_,,pmm;_ - ——— |__"_l. --G220 BNLY

TGT - 1000
LBET - 0

Horixontal: L
- Yartical: =
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Synchrotron Angle Distribution

PLOTXY Result: X phase space of a synchrotron angle distribution.

013:[XRAYOP . DOCUHENT . SOURCE . SYHCHSAD) BEGIN.DAT: 1 J8-DEC-1888 8T:23
T

peail g gsyg

II"I'rl|l|llIl'|l1—[llll-|l|l'| i ki (bl bhid kil |

Jo-DEC-BB 15:53:15

HLlength 1.5000
H cantar 0.25000
a b= —{¥ Length 0.20000E-01

Y ¢enSer 0.00000E+0Q
AUT@SCALING
— <4|--GRED BNLY

8T - 1000
LOST = 0

g Hor1zontal: L
Vartiesal: 4

s s g o bl g sl
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PLOTXY Result: Z phase space of a synchrotron angle distribution.

013 : (XRAYOP . DOCUNENT . SOURCE . SYNCHSADIBEGIH. DAT : 1 38-DEC-L988 oT:23

i, e iy |

JB8-DEC-88 16:85:12

H Langth 0.10000

H center 0.00000E-00
¥ Length 0.30000E-02
Y center 0.00000E00

AUT@SCALING
L | ~-6080 BNLY

T6T = 1000
L@sT - 0

Horizontal: 3
Vartical: v}

e IS 1 S dtn s o b . s dondecallind,y
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Synchrotron Angle Distribution

PLOTXY Result: Far Field Plot:

DL3: (XRAYOP, DOCUMENT .SOURCE. SYHCHSADIBEG [N DAT:1 38-DEC-1988 87:23
= T T T =
= -
E
-
1 A 1
1 T T | o ik Ve e kel Bk |

30-DEC-B8  16:10:34

- H Length 0.20000£-01

. H ¢enter Q.00000E+Q0)
V Length 0.30000E-02
Y center 0.00000E+0Q

MUT@SCALING
6880 BNLY

T84T - 1000
LesT - 0

Herizenswali 4
Vartical: 8



SRIO
Stamp


128

CHAPTER 2. DETAILED INPUT DESCRIPTION

PLOTXY Result: A synchrotron source in X and Y.

01 2: CRRAYOP. DOCUHENT .SOURCE .. SYNCHSADIBEG [H.DAT : 1

38-DEC-1588 87:23

SR Sbhurce MY Plane

9

S0-DEC-88 16:19:38

H Length 1.5000
H cenver 0Q.20000
¥ Length 100.00
¥ conter 0.00000E-D0

AUTBSCALING

-G080 BNLY

16T -
L@sT =

1000
0

Horizonsal: 1

Yertical:

2
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The next example corresponds to the case of:

ex =0.1IE-03 &z =0.1E - 03

ox = 0.1 Oz = 0.1

sx = —10000 sz = 10000
Notice how in horizontal the beam is broadened
relative to the former case. (FWHM = 20vs. = 0.3
). This is due to the gaussian electron beam prop-
agation by sx. It is interesting to notice that in X
we have essentially a zero-thickness line (com-
plete correlation between X, X’ at large s ) while
in Z there is still a thickness (because of the addi-
tional angles introduced by the SR opening.)

Synchrotron Angle Distribution




130 CHAPTER 2. DETAILED INPUT DESCRIPTION

Synchrotron Angle Distribution when out of focus as shown in PLOTXY result
below:

D13:CXRAYDP . DOCUMENT.SOURCE . SYNCHSADISRFOCUS. DAT:2

L3-JAN-1383 17:@8

Out of Focus X=Fhase
SFace

1117-3AN-89 15:22:059

H Lemgth 100.00

H conter 0.00000£.00
¥V Length O,L0000E-OL
¥ centsr 0.00000E-0C

AUTASCALING

--G@YD BNLY

TaT -
LBST =

1000
0

Herizontal:

o

Verticali

D13: CXRAYOP. DOCUHENT .SOURCE . SYNCHSADISRFOCUS.DAT: 2

T

13-JAN-1983 17:6@

Out of Focuws Z ehase
SPace

11-JAN-89

15:27:45

H Length
H centar
V Length
¥V center

100.00
0.00000E+00)
0.10D000E-D1
0.00000E-0d]

AUTBSCALING

--GRED @NLY

TOT -
LOST =

1000
0

Wertical:

Horizontal: 3
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Synchrotron Angle Distribution

NOTES:



132 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

4 )

——— SHADOW =————mm————————mmmea——— e

Jun 1988 F.Cerrina ECE - UW

Seurce Angle Distributien [ 1=6 ) 7 §

How many peints along cone radius ? 10
and along circles ? 16

Max half-divergence 7 .01

Min half-divergence ? .005

N

MENU:

/ Source Angle Distribution

Angla distribution (+) CONICAL

o

/

Use RADIANS for angles here.
Use ABSOLUTE values.

Horizomtal divergence [X(+)] n/a 0.1000000000000E-01
[(xt(=)] n/a 0.1000000000000E—01

Vertical divergence [Z{+)] n/a 0.5000000000000E-02
[2(=)) n/a 0.5000000000000E-02

Cone internal half-aperture = 0.1000000000000E-01
external 0.5000000000000E-02
Horizomtal Sigma LX) n/a 0.2000000000000E-01
Vertical sSigma [E] n/a 0.5000000000000E-02

Source Modelling

Mode selected RAN/GRID
Number of random rays 1000
Random mumber seed 12853
.-. GRID part
Points along X n/a 1
¥ n/a 1
z nfa 1
vX : nfa 1
vz n/a 1
Points along cone radius 10
circle 16
Ho. of X phase space ellipss (+) n/a 1
& (+ nfa 1
Points along sach X ellipse nfa 1
z 1
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Conical Angle Distribution

This distribution has the angles of the rays uni-
formly generated between a minimum and maxi-
mum absolute value. The minimum can be zero.
The distribution of rays in the angle theta is uni-
form, i.e. a spherical surface will be uniformly illu-
minated by this source placed at its center. This
is in contrast to the case of a uniform source.

Example:

If used with a point source and the depth OFF,
conical source angle distribution is good for test-
ing the image quality of a system with circular
symmetry. It will also model a section of a spher-
ical wave with rotational symmetry. lllustrated be-
low is a GRID source model with maximum and
minimum divergences being 0.1 and 0.05 radians.

Laboratory Reference Frame:

Ll

/

Conical Source Angle Distribution

Point source, all rays shown at y=100

Conical Angle Distribution
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output Fi

S

Par M n

<X N <X
[eNeNoNeNo)

Z  -0.
Phot on
Nuner i

OPFrRP O UL WNPE

N -

le Data:

i mum Maxi num Center: St.
. 00000E+00 0. 00000E+00 0. 00000E+00 0
. 00000E+00 0. 00000E+00 0. 00000E+00 0
. 00000E+00 0. 00000E+00 0. 00000E+00 0
. 99998E- 02 0. 99998E- 02 0. 40445E-12 0

99995 0. 99999 0. 99998 0

99998E- 02 0. 99998E- 02 0. 19647E- 09 0

Ener gy 0. 00000E+00 0. 00000E+00

cal Aperture 0. 50000E- 02 0. 10000E- 01

Dev. :

. 00000E+00
. 00000E+00
. 00000E+00
. 55901E- 02
. 00000E+00
. 55901E- 02

PLOTXY Result:

DS: [C_EBLE.UG_EXA.ANGLEIBEGIN.DAT:1

g

i

L

1-DEC-1588 18.03

conical ANaIR Distri
bution Random/Grid

e i

1-DEC-88: 16:85:53

H Length 0.30000E-01
H center 0.00000E+0Q
¥ Length 0.30000E-01
Y center 0.00000E+0Q

AUTASCALING

--G2@0 BNLY

T@T - 1800
L@sT - 0

Hor1zon%al;
Vertical: ]

1 ] L Lol
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A source with a conical angle distribution was traced through the following sys- | Conical Angle Distribution

tem and plotted to show the abberations present in the system.

L L S L S T S L LRl AL e e R RSl t sl R S e Rl A Ll Rl Lt bt i L L
[(EE S ESEEEEETET] SYSTEMN DESCARIEBETION IS IEIRIRER L]
B e e R L L e e e e e R e e L I S e L
Conical Angle Distribution Example 2

Shows abberations when traced through system

LR R A L e R e R e L L e e L R L LI At s L L L L R LR L RS R LRt L EE EL LRttt bk Lt LRl
Input £ile specified:tt:

Full file Specification :

Creation Date ]
D . L L T

[ ] Optical Element: Creation Time:
1 D13z [ XRAYOP .DOCUNENT . SOURCE.CONICSAD |JEND.OL; 2 2T=NAR=1%89 16:36

B kY - - - S b b, - - Frh s h
optical Elenent # i System Number:
MIRROR TOROIDAL UNLIMITED COMPUTED REFLEC. Orr

Orientation 0.0000000000000000E+00 deq.

Source Plane 1000,.000000000000

Incidence Ang. 85.99999999999998 deq.

Reflection Ang. 85.99999999999998 deq.

Image Plane 1000,.000000000090

OPTICAL S¥YSTEM CONFIGURATION
Laboratory Reference Frame,

OPT. Elem #§ X = ¥ = zZ =
o 0.00000000000E+00 ©.00000000000E+00 0.00000000000E+0G0
1 0.00000000000E+00 1000.0000000 0.00000000000E+00

1" 0.00000000000E+00 1990.2680687 139.17310096

FEFFFFFF RIS IS S I A I A I AR F RS 3 F I FFFFFF SIS F A AT IS RS SRbd e
e END (R L EELE R LR

P P VIR WS RS IR SIS SR PRI S I PR
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X phase space and Z phase space plots showing the aberrations in the system:

O13:AXRAYOP . DOCUMENT . SOURCE.CONICSADISTAR.O1:2 27-MAR; 1889 16:36

T L] T T

27+MAR-80 18:30:55

H Lengcth' 0.30000E-01
H center 0.00000E-00
V Length 0.20000E-01
V cencer ©.00000E-0(

] AUTOSCALING
--G000 ONLY

TOT - 180
LOST = 0

Horazontal: 1
Yertical: 4

DI3:IXRAYOP DOCUMENT.SOURCE.CONICSADISTAR.O1:2 27-HAR-1989 16:36

T L) L] L]

27-MAR-89 16:40:58

H Length 0Q.10000

H center 0.00000E-0Q
¥ Lengcth 0.20000E-01
Y ¢enter 0.00000€-0(

AUTOSCALING
--GO0D ONLY

Tor - 180
LOST - o

Horitontalz 3
Vertical: &
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Conical Angle Distribution

NOTES:
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PROMPT:
SHADOW ====
Jun 1988 F.Cerrina ECE - UW
0.K., got it so far.
Source distribution now. We may use
(1) for a flat source
{ 2) uniform s.
{3) gaussian =s.
E ; } :cnica.lmn
{ 6) exact synchrotron
Source Angle Distribution [ 1-6 ] 7 6
Horizontal half-divergence E (+)x, rads ] ; 0.005
(-)%x, rads ] 0.005
Vartical E (+)z, rads ] ? 0.003
(-)z, rads ] ? 0.003
Magnetic Radius [ m 7 2.0813
No;ig: th.lcalmn x: fus MUST be in the same units as the rest
3 & systas.
Use neqagsc ORBIT radius argqument for CCW storage ring. &

Cit Radius [ same as other units ) ?2083.3

.

MENU:

-

Scurce Angle Distributiom
Angle distribution (+)

Use RADIANS for angles here.
Use ABSOLUTE walues.
Horizental divargence Eg%&;

Vertical diwvergence [Z(+)]

EXACT=5R

0.5000000000000E=02
0.50000000000005-02
@.3000000000000E-02

[(z0-)1 0.3000000000000E-02
Cone internal half-aperture nfa 8.0
extarnal n/fa 0.0
Horizontal Sigma [ X] n/a 0.0
Vertical Sigma [ 2] n/fa 0.0

/
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Exact Synchrotron Distribution

Exact Synchrotron Distribution

In many ways, the Exact Synchrotron Distribu-
tion is similar to the Synchrotron Angle Distribu-
tion discussed before. All the machine parame-
ters and electron beam characteristics have the
same meaning in both cases, and are specified
in the same way. We have mentioned that the
Synchrotron Angle Distribution interpolated from
a pre-computed set of universal curves. But in
case the user wants a more exact calculation, the
Exact Synchrotron Distribution should be used.
Here, the vertical angle distribution of the photons
are actually computed during runtime at the pho-
ton energy specified by the user. Photon distribu-
tions in parallel, perpendicular, and total compo-
nent (referring to the orbital plane) are computed
and stored in the files SPARxxxxX, SPERXXXXX,
and STOTxxxxx respectively (xxxxx is the pho-
ton energy). They can be compared to the Monte
Carlo output of SOURCE, as done in the exam-
ple below. Another auxiliary file is FLUX.DAT
which stores information about the photon flux
(see printout below).

Contents of FLUX.DAT:

Machi ne Energy: 1. 0000 GeV. GAMMVA: 1957.0 Radi us:
Critical Energy= 1064. 7 eV, Critical Wavel engt h= 11. 645
Total Radi ated Power=  42.481 kW

Integrated flux at 65. 00000000000000 eV

within limting vertical angles (rads):
- 3. 0000000000000000E- 03 3. 0000000000000000E- 03
Units: Photons/sec/nrad/ ma/ eV

paral | el
per pendi cul ar
t ot al

0. 21702E+12
0. 61188E+11
0. 27821E+12

Approxi mat ed Gaussian width: 0.22770E-02 rads

2.0833 m

Angs.
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PROMPT:

S SHADOW

~

Jun 1588 P.Cerrina

Motice: the ORBIT radius MUST be in the same units as the rest
of the tical system.

Use negative ORBIT radius argument for {CW storage ring.
orbit Radius [ same as other units ] 72083.3

Do you want to include electron beam emittances [ ¥/N ] 7 ¥
Units are = rads+*[ units of length used so far ]

Bean emittances in X [ at vaist ] ? 1E-S

Distance from waist [ signed ) ? 0.

Beam emittances in Z ([ at waist ] ? 1E-7

Distance from waist [ signod; 7 0.0

Electron Beam Energy [ GeV

Polarization component of interest. Enter
parallel polarization

perpendicular
total
then ?

Polarization Selected [ 1-3 ] 7
Photon Energy 0 ] or Mmg'stmus t1j)720

Cem [ eV ] 65

ECE - UW

\_

MENU:

-

synchrotrom Machine Description

Scurce selected EXACT=SR
Eﬁ:&:ﬁ:';;a; §’f§;3§n‘$i“ ) 0.1000000000000E~04
pistance from § waist ® 8" 1000000000000E=06
Electron Beam Energy [ GeV ] 1.

g:gi: ::gin? same unigs as tj:t iﬁ:;?g
pistribution type n/a PHOTON

Polarization selected TOTAL

/
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Example:

In the example here, we again use ALADDIN at
1 GeV whose critical energy is 1065 eV. In order
to show the structures in the angular distribution,
we choose a low photon energy (65 eV), where
photons are emitted within a few milliradians. If
the vertical divergence (3 mrad) is decreased, the
emission will be truncated and also will take more
time to generate all the rays. In the diagram, the
histogram is obtained by running HISTO1 on BE-
GIN.DAT and is compared to the computed spec-
tra (solid lines) of the total component.

Exact Synchrotron Distribution
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Binary Output File Data:

Col Par M ni mum Maxi mum Center: St. Dev.:
1 X -1.8019 1. 8880 0. 25297E- 01 0.50842
2Y -10. 407 10. 409 - 0. 51080E- 02 6. 0346
3 Z -0.70149 0. 70996 0. 28179E- 02 0. 24185
4 X -0.50042E-02 0. 50033E-02  -0.18401E-05 0. 28957E- 02
5 Y 0. 99999 1. 0000 1. 0000 0. 00000E+00
6 Z -0.24190E-02 0. 24913E-02  -0.21035E-04 0. 87633E- 03
11 Phot on Energy (eV) 65. 000 65. 000
20 Nunerical Aperture 0. 85980E- 04 0. 52392E- 02

HISTO1 on BEGIN.DAT

=
-
e
-
-4
-4

II.I.IlllleillJILll-ll..l.l.!..ll.l..l.

(8]

Z2' (mrad
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Exact Synchrotron Distribution

NOTES:

e WARNING Since the Exact Synchrotron Distribution is more computa-
tionally intense, it can be done only at one single photon energy. Also,
this distribution should be used only if the user is not satisfied with the
Synchrotron Angle Distribution results (e.g. photon energy is outside the
range that it can interpolate).
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PROMPT:

SHADOW - \
Jun 1988 F.Cerrina ECE - UM

Do you want a Photon enmexgy [ ¥/N ] 2 1
Energy distributiom [ 1-3 ] 2 1

Photon Energy [ 0 ) or Angstroms [ 1 ) 2 ©
Enexrgy [ eV ] ? 800

MENU:

Scurce Photon Energy

Enargy distribution SLINE

Units =

Number of lines to use nfa 1

Line § 800.0000000000

n/a 10.00000000000
n/a 10.00000000000
n/a 10.00000000000
n/a 10.00000000000
10.00000000000
n/a 10.00000000000
n/a 10.00000000000
n/fa 10.00000000000
n/a 10.00000000000

(=R N N N PR
-
S
o

"
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Single Line Photon Energy

Single Line Photon Energy
If the user wishes, a photon energy of a single line
can be specified (SLINE in menu). The photon
energy of a source can be given in electron-volts
or can be given as the wavelength in Angstroms.
The rays will be generated with only one energy.

Example:
This type of source is used to study dispersing
or absorbing optical systems. In conjunction with
a point uniform source it will provide the point
spread function of a monochromator or a spec-
trograph.

Laboratory Reference Frame:
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi num Center: St.
1 X -1.4995 1. 4953 -0.50441E-01 0
2 Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0
3 Z -0.99534 0. 99885 0.14181E-01 0
4 X -0.49902E-01 0. 49555E- 01 0. 17977E- 03 0
5 Y 0.99871 1. 0000 0. 99955 0
6 Z' -0.99937E-02 0. 99958E- 02 - 0. 19550E- 03 0

11 Photon Energy (eV) 800. 00 800. 00

20 Nurneri cal Aperture 0. 13587E- 03 0. 50786E- 01

Dev. :

. 86828
. 00000E+00
. 57256
. 29625E- 01
. 00000E+00
. 57042E- 02

PLOTXY Result:

053 (C.EELE.USG.FHOTOHISLI HE . DAT 21

oy e b o

| T R

26-HOV-1588 12:54

sinale Ling Photom
Emgray

JR-DEC-88  14:5MilM

HLength 4.0000
H cenver B00.00
<Y Langsh 4.00Q0

Y canter 0.CO000EDQ

CARTESIAN

- |—6880 BNLY

18T - 1000
LBsT - o

Horizontal; i
Vertical: 1
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Single Line Photon Energy

NOTES:

e For best results when plotting photon energy with PLOTXY, plot column
11 in the horizontal and column 1 - or whichever spatial variable you
decide to use, in the vertical. This way the program will plot histograms
in photon energy to show the distribution.
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PROMPT:

4 )

—————— SHADOW = .

Jun 1988 F.Carrina ECE = UW
Do you want a Photon energy YN ] 1 e
Fnergy distribution [ 1-3 ) ; 2

Photon Energy [ 0 ) or Angstroms [ 1 ] 2 O
How many lines ? 3

Fgoggg energy or wavelength for line 1
Fr;o::g energy or wavelength for line 2
P!fm:.gg enargy or wavelength for line 3

N

MENU:

-

o

/

Source Fhoton Energy

Energy distribution MLINE

Units EV

Number of lines to use 3

Line # 1 398.0000000000
? 400.0000000000
3 404 . 0000000000
4 10. 00000000000
5 10 . 00000000000
6 10.00000000000
7 10,00000000000
] 10,00000000000
9 10.00000000000
10 10.00000000000
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Multiple Line Photon Energy

If the user wishes, a photon energy consisting of
several lines can be specified (MLINE in menu).
The photon energy of a source can be given in
electron-volts or can be given as the wavelength
in Angstroms. Up to ten discrete energies can be
chosen and each energy can have any value (not
necessarily equispaced). All specified energies
will be generated with equal intensity.

Example:

Multiple line photon energy is useful in the repre-
sentation of emission spectra resulting from the
excitation of a gas, and for testing the resolution
of monochromators and spectrometers. After run-
ning a case at a given wavelength, to compare the
response of a monochromator or other system at
a different photon energy, you may use the util-
ity RECOLOR. It will reset the photon energies in
a source to other values without affecting other
variables.

Laboratory Reference Frame:

Multiple Line Photon Energy
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

Col Par M ni mum Maxi mum Center: St.
1 X -1. 4995 1. 4953 -0.50441E- 01 0
2Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0
3 Z -0.99534 0. 99885 0.14181E-01 0
4 X -0.49902E-01 0. 49555E- 01 0.17977E- 03 0
5 Y 0.99871 1. 0000 0. 99955 0
6 Z -0.99937E-02 0. 99958E-02  -0. 19550E- 03 0

11 Phot on Energy (eV) 398. 00 404. 00

20 Nunerical Aperture 0. 13587E- 03 0. 50786E- 01

Dev. :

. 86828
. 00000E+00
. 57256
. 29625E- 01
. 00000E+00
. 57042E- 02

PLOTXY Result:

DSs(G_EBLE.USG.PHOTOHIMLIHE . DAT £1

26=HOV-1588 14182

nultiele Line Phaton

Encray

36-DEC-89

14:56:39

H Length 7.0000
H center 401.00
¥ Length 7.0000

Y center 0.00000E-0q

CARTESIAN

—GP8D BNLY

T8T - 1000
LesST - 0

Horizontal: 1l
Vertical: ]
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Multiple Line Photon Energy

NOTES:

e For best results when plotting photon energy with PLOTXY, plot column
11 in the horizontal and column 1 - or whichever spatial variable you
decide to use, in the vertical. This way the program will plot histograms
in photon energy to show the distribution.
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PROMPT:

Jun 1988 F.Cerrina ECE - UW
Do you want a Photon energy [yEj)el-
Energy distribution [ 1-3 ] 7 3
Photon Emergy ([ 0 ] or Angstreas [ 1] ? 0
From photon energy oF wavelength ...
? 200
... to photon energy or wavelength :
7 600

-~
o

MENU:

*\\\
/

Source Photon Energy

Energy distribution CONTINUDOUS
Units EV

Nusber of lines to use nfa 3

Line # 200 .G000000000
600 . 000000000
n/a 404 .0000000000
n/a 10.00000000000
nfa 10,00000000000
10. 00000000000
n/a 10.00000000000
n/a 10.00000000000
n/a 10.080600000000
n/a 10.00000000000

O @ s e
M

-
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Continuous Photon Energy

If the user wishes, a uniform photon energy can
be specified (CONTINUOUS in menu). The pho-
ton energy of a source can be given in electron-
volts or can be given as the wavelength in
Angstroms, but the rays are always uniform in en-
ergy rather than in wavelength. The minimum and
maximum of a uniform distribution are supplied by
the user. The rays have equal probability of hav-
ing any energy within the interval.

Continuous Photon Energy

Example:

A continuous photon energy represents a general
or white light source. It is also useful in the mod-
elling of a synchrotron source, and in the study of
monochromator and other dispersive optical sys-
tems. For example, plotting column 3 (Z) vs. 11
will give the dispersion of a monochromator.

Laboratory Reference Frame:
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CHAPTER 2. DETAILED INPUT DESCRIPTION

Binary Output File Data:

&

N

OPFrROUILh WNEF

Par M ni mum Maxi mum Center: St.
X -1. 4995 1. 4953 -0.50441E- 01 0
Y 0. 00000E+00 0. 00000E+00 0. 00000E+00 0
Z -0.99534 0. 99885 0. 14181E-01 0
X -0.49902E-01 0. 49555E- 01 0. 17977E- 03 0
Y’ 0.99871 1. 0000 0. 99955 0
Z'  -0.99937E-02 0. 99958E- 02 - 0. 19550E- 03 0
Photon Energy (eV) 200. 21 599. 58
Nunerical Aperture 0. 13587E- 03 0. 50786E- 01

Dev. :

. 86828
. 00000E+00
. 57256
. 29625E- 01
. 00000E+00
. 57042E- 02

PLOTXY Result:

OL3AXRAYOP DOCUMENT . SOURCE.SYNCHSADIBEGIN.DAT: 4

T T T

Rl hdad AR

L]

-

—

.

27-MAR-1G80 14:39

Photen Energy

27-HAR-BD [4:42:45

I Lengsn

150040,

2500.0
0.10000€-Q1
0.00000E+04

H center
¥ Length
V center

AUTOSCAL ING

--5000 oMLY

L 1 1 1

TOT - 1000
LOST - Q

Horizontal: 11
Vertical: &
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Continuous Photon Energy

NOTES:

e For best results when plotting photon energy with PLOTXY, plot column
11 in the horizontal and column 1 - or whichever spatial variable you
decide to use, in the vertical. This way the program will plot histograms
in photon energy to show the distribution.



156 CHAPTER 2. DETAILED INPUT DESCRIPTION

PROMPT:

é )

— - SHADOW -
Jun 1388 F.Cerrina ECE - UW

Do you want to stors the optical paths (OPD) [Y/N] 7

-
o

MENU:

\
/

Source Definition

File to store the rays BEGIN
Source Type (+) GRID/GRID
Number of random rays (+) 1000
Wiggler or undulator (+) KONE
Spatial Tvpe (+) RECTANGLE
Depth OFF

angle Distribution (+) UNIFORM
Fhoton Energy distribution (+) CONTINUOUS
Store optical path YES
Polarization (+) HO
Coherence COHERENT
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Optical Path Length

The Optical path of a ray is given by the distance
a ray travels weighted by the index of refraction
in the medium it is traveling through. This scalar
guantity is accumulated at the end of each optical
element. It is set to zero at the source point for
each ray.

Optical Path Length

Example:

One use of the optical path length is to study
abberations in an optical system. In a stigmatic
imaging system a point is imaged onto a point.
This means that a diverging spherical wave is
transformed into a converging spherical wave,
and that the optical path lengths of all the rays
are equal. In a non-ideal system the optical path
lengths depend on some parameter such as the
angle that the ray makes with the optical axis or
the mathematical description of the surface of the
element. The optical path is also useful for deter-
mining the phases of the electric field vectors at
a given point in the system. These phases can
be used to compute an interference or diffraction
pattern.

Laboratory Reference Frame:
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A point source was generated saving the optical paths and traced through a
toroidal mirror. The following is information on the source and the system from
SOURCINFO and SYSINFO respectively.

L T e e L L et R L L L L L T T Ty eraargrren
sesssasssensns S QU RCE DESCRIPTI QN sessvasasasnas
Optical Path Length Exaample

R e e i T - 71
Input file specified:

end .00

Full file Specification :Dl3:(XRAYOP,DOCUMENT.SOURCE.OPL]JEND.00;2

Creation Date :27-MAR-1989 16:51

LR R e e e o A T ey

Random Source.

Generated total 1000 cays.

Source assumed BIDIMENSIOMAL (flat).

Source Spatial Charactecistics: POINT

iaa s st al i bttt l s s st EdRA Rl Tl LA Rl L P LRl S el L s b ot I S S o S A e arar ey

Source Emission Characteristics

Distribution Type: UNITFORM

bistribution Limits. <X : 0.100000000E-01 -X: 0.100000000E-01 rad
41 @ 0.S500000000E-D1 -Z: 0.500000000E-01 =ad

LRSS s R R i ann s Rt s st s s s Tt R T AT Y R L L T Y

LR LR LA L Ll L h END AR E L S R S e ]

R o S T T T
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Optical Path Length

Lt s e R e R e e s S L e R e e e e e R e e e RS
R S Y S TEM DESCRETIPTI OMN teasninsaians
B e b b T L L =

Optical Path Length Example

B e Rt T T
Input file specified:tt:
Full file Specification :

Creation Date '
B R R AR n R R A S T I ]
L] Optical Element: Creation Time:
1 D13z [ XRAYOP.DOCUMENT . SOURCE. OPL)END.0L1;2 27-MAR=-1989 16:51
A b b S A S L R e bl L e e R e e s S e Rl R R L e s L S *
Optical Element § 1 System Number:
MIRROR TOROIDAL UNLINITED COMPUTED REFLEC. OFFr
Orisntation 0.0000000000000000E+00 deag.
Source Plane 1000.000000000000
Incidence Ang. 85.99999999999998 deg.
Reflection Ang. 85.99999999999998 deg.
Image Plane 1000.000000000000

OPTICAL SYSTEN CONFIGURATION
Laboratory Reference Frame.

OPT. Elem § £ = = i=-
o 0.00000000000E+00 0.00000000000E+00 0.0000000000QE+00D
1 0.00000000000E+00 1000.0000000 0.00000000000E+0QD
1+ 0.00000000000E+00 1990.2680687 139.17310096

T I B S S A S S 0 1 0 T S0 O O 8 A0 SR O O 0 O S S 0 0 O T 0 B O R
e e e ok END LR R LR L R L]

bt - Pt e e e d e el e e e diedbodedeiede i e e e e el d e e e e i
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Plots of optical path vs. Z and Z’

D13:AXRAYOP DOCUMENT . SOURCE.OPLISTAR.O1:2

.-

._..|;.--i'

L

27-HAR-1989 18:51

28-HAR-89 13:16:58

M Langth  2.0000
H centar 0.00000E-00
V Langeth  100.00
V center 0.00000E+00

AUTOSCALING

--6000 oMLY

ToT -
LOST -

1900
0

Hor1zontals 13
Verticol: 3

DOL3:(%XRAYOP .DOCUHENT.SOURCE.OPLISTAR.O1:2

27-MAR-1989 16:51

27-HAR-BQ 18:55:38

H Langth
H conter
¥ Length
V center

2.0000
0.00000E-00
0.15000
0.25000€-01

AUTOSCALING

--GOOD ONLY

TOT =
LOST -

Loao
(1]

Heruzontals 13

Vertical:

6
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Optical Path Length

NOTES:

e Storing the optical path length will increase the number of rows for each
ray from 12 to 13, hence more storage space is needed.
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PROMPT:

4 N

———— - ——— SHADOW ——m——mmmeeeeeee .
Jun 1988 F.Carrina ECE - UW

Do you want to generate the A vectors (electric field) (¥/N] ?1
Phase difference ? =

Degree of polarization ?

Incoherent [0] or echersnt [1] 7

N

MENU:

-

N

/

Source Polarization

Polarization YES

Phase difference 50 .00000000000
Polarization degree 0.0000000000000E+00
Component type (synchr.) (+) n/a TOTAL
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Electric Field Vectors
The electric field of the propagating wavefront can

be expressed as

Electric Field Vectors

(Asx + Asy + As,) exp(j = ¢s)+
(Apx + Apy + Apz) exp(] * ¢p)

where the s and p vectors are perpendicular and
parallel to the plane of incidence respectively and
¢ is the phase of each vector. At the source, s is
defined to be horizontal (x-axis) and p is vertical
(z-axis) to the electron itself; also

(As) + (Ap) =1

. SHADOW prompts the user for the phase differ-
ence in degrees between ¢s and ¢,. The Degree
of polarization determines the relative amplitude
of the s and p vectors according to the relation :

Degree of polarization = cos(6)/ (cos() + sin(6))

where 6 is the angle of polarization from the As

axis.

Example:

Some examples of polarization states:

« Linearly polarized:
Phase difference = 0

Degree of polarization = whatever the above expression is

« Circularly polarized:

when the desired value of 8 is
plugged in.

for 6 = 45deg, DOP = 0.50

for & = 30deg, DOP = 0.63

Phase diff = +90 (for Right), —90 (for Left)
Degree of Polarization = 0.5
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Linearly Polarized Electric Field:

Linear Polarization

Phase D1ff-0. Deq of Polor-0.53

Circularly Polarized Electric Field:

Left Circular Polarization

Phase DifF=-S0, Deg of Polar=0.50
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| Electric Field Vectors

NOTES:

e Generating the A vectors automatically forces storing the optical path
length. Thus the number of rows will increase to 18 for each ray.

o If this A vector option is disabled, the full representation (18 instead of 12
rows) will not be used and rows 7, 8, and 9 will just contain the unpolar-
ized electric field vector pointing in the horizontal (x-axis). Its magnitude
is still normalized to 1. The only exceptions are the two synchrotron cases
where the vector is either horizontal or vertical depending on the degree
of polarization for that particular ray.

e There may be an overall phase factor exp(j = ¢) from one ray to another.
If the source is specified coherent, this phase factor is set to 1. For inco-
herent sources, ¢ is varied randomly between 0 and 2.
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Appendix A

User’s Program

The user’s program must compute the photons/sec/rad?/eV at each point of the (7w, 6, ¢)
arrayand store the result on disk. The procedure is the following — MAKE_ID first
writes the array in the file called UPHOT.DAT, all real values are in REAL*8 preci-
sion. The Users’s program should contain the READ statements:

OPEN (20, FILE=" UPHOT.DAT', STATUS="' OLD , FORVF UNFORVATTED )

READ (20) NE, NT, NP

READ (20) (ENER(K), K = 1, NE)

READ (20) ((THETA(J,K), J =1, NT), K =1, NE)

READ (20) (((PHI(1,J,K), | =1, NP), J =1, NT), K=1, NE

where NE, NT, NP are the number of points in w, 6, ¢ respectively. It may be a good
idea to use the IMPLICIT REAL*8 statement. Note that the file must remain open
for writing later on. The user’s program, after computing the photon distribution at
the values specified by these ENER, THETA, PHI arrays, should append it to the file
UPHOT.DAT:

WRI TE (20) (((RNO(1,J,K), | =1, NP), J =1, NT), K=1, NE)
WRI TE (20) (((POL_DEG(1,J,K), | =1, NP), J =1, NT), K = 1,
CLCSE (20)

where RNO is the photons/sec/rad?/eV and POL_DEG the degree of polarization de-
fined by:

Ax _ Ay
Atotal Ax+A;

DegreeofPolarization =

The User’s program may read (or compute) whatever trajectory file is appropriate. If
the user wants to use the trajectory computed by MAKE _ID, the following information
is available. The needed parameters for the user’s program can be obtained from the
namelist file UPHOT.PAR (see the example for a listing). In particular, the variables
have the following meaning :

167
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NCOMP = number of periods

RCURR = electron beam current (Amp.)
FTRAJ = file name of electron trajectory
IOPT = number of optimization

ITER = number of optimization completed

The remaining information is then obtained from the trajectory file which is read by
the statements :

OPEN (21, FI LESFTRAJ, STATUS=" OLD , FORMF' UNFORVATTED , READONLY)
READ (21) NO, RLAU, ENERGY1

READ (21) RLAL, RK, GAO, BETAO

READ (21) BETAX0, BETAZO, BETAYO

READ (21) BO, ER RLEN, NPO NT

READ (21) PH _E, THE E
READ (21) TAU, YO, YSTEP
C
Cthe following | oop reads the trajectory itself.
C
DO | = 1, NPO NT
READ (21) X(1),Z(1),Y(l)
READ (21) BETAX(I), BETAZ(I), BETAY(I)
READ (21) T(I)
END DO
CLCSE (21)
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where :
NO = ignored
RLAU = wavelength of undulator (m)
ENERGY1 = fundamental energy (Joule)
RLAL = fundamental wavelength (m)
RK = deflection parameter K
GAO =1y, E/Imc?
BETAO :,6’,,/1—;12
BETAX0,BETAZ0,BETAYO = initial Bx, Bz, By
BO = peak magnetic field (Tesla)
ER = electron energy E (Joule)
RLEN = ignored
NPOINT = number of points for the trajectory
PHI_E = ignored
THE_E = ignored
TAU = ignored
YO = ignored
YSTEP = ignored
X(D),z(),Y() = instantaneous (X,Y,Z) coordinate

BETAX(I),BETAZ(I),BETAY(l) = instantaneous S, 8z, By

T = instantaneous time t(y)
As usual (X,Y,Z) is the reference frame of SOURCE (Y is the undulator axis). Given
this information, the User’s Program will be called by MAKE_ID whenever it needs to
calculate the photon spectra, either in the first pass or subsequent optimizations.
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Appendix B

Bibliography

In the courde of writing the code and this documentation, we have drawn on much
published material and feedback from our users. The following list is by no means
exhaustive but represent texts and papers that we found particularily useful.

For general optics, the following books are excellent material:

1. Max Born and Emil Wolf. Principles of Optics: Electromagnetic Theory of
Propagation Interface and Diffraction of Light. Pergamon Press, sixth edition
1980.

2. H. P. Brueggemann. Conic Mirrors. The Focal Press, 1968.
3. Rudolf Kingslake. Optical System Design. Academic Press, 1983.

4. Miles V. Klein and Thomas E. Furtak. Optics. John Wiley & Sons, second
edition 1986.

5. Donald C. O’Shea. Elements of Modern Optical Design. John Wiley & Sons,
1985.

6. Orestes N. Stavroudis. The Optics of Rays, Wavefronts, and Caustics. Academic
Press, 1972.

For Monte-Carlo and Stochastic Processes:
1. Peter E. Caines. Linear Stochastic Systems. John Wiley & Sons, 1988.
2. Joseph W. Goodman. Statistical Optics. John Wiley & Sons, 1985.

3. Malvin H. kalos and Paula A. Whitlock. Monte Carlo Methods Volume 1: Ba-
sics. John Wiley & Sons, 1986.

4. Athanasios Papoulis. Systems and Transforms with Applications in Optics. McGraw-—
Hill Book Company, 1968.

5. Reuven Y. Rubinstein. Simulation and the Monte Carlo Method. John Wiley &
Sons, 1981.
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. N. G. Van Kampen. Stochastic Processes in Physics and Chemistry. North Hol-
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For Synchrotron Radiation:

1

2.

. K. Green. BNL Internal Report 50522. Upton, 1976.

International Conference on Insertion Devices for Synchrotron Sources. SPIE
Proceedings 582, 1985.

. E. Koch (Ed.). Handbook on Synchrotron Radiation 1a. North Holland, 1983.

. Giorgio Margaritondo. Introduction to Synchrotron Radiation. Oxford Press,
1988.

. Proceedings of Synchrotron Radiation Instrumentation Conferences. Nucl. Instr.
and Methods. North Holland 1982, 1984, 1986, 1988.

. Herman Winick and S. Doniach. Synchrotron Radiation Research. Plenum
Press, 1980.

For general XUV optics:

1
2

3

. Alan G. Michette. Optical Systems for Soft X Rays. Plenum Press, 1986.

. D. Sayre, M. Howells, J. Kirz, and H. Rarback (Eds.). X-Ray Microscopy Il. 56
Springer—Verlag, 1988.

. G. Schmall and D. Rudolph (Eds.). X-Ray Microscopy. 43 Springer—\erlag,
1984.

Also there are several SPIE proceedings on x-ray and geometrical optics, in particular:

1.
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~

10.

Space Optics Imaging X-Ray Optics Workshop. 184 1979.
. Ultra Violet and Vacuum Ultra Violet Systems. 279 1981.
. Reflecting Optics for Synchrotron Radiation. 315 1981.

. High Resolution Soft X-Ray Optics. 316 1981.

. Science with Soft X-Rays. 447 1983.

. International Conference on the Application, Theory, and Fabrication of Peri-
odic Structures, Diffraction Gratings and Moire Phenomena I1. 503 1984.

. Geometrical Optics. 531 1985.

. Applications of Thin-Film Multilayered Structures to Figured X-Ray Optics. 563
1985.

. Grazing Incidence Optics. 640 1986.
X-Ray Calibration: Techniques, Sources, and Detectors. 689 1986.
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11. X Rays in Materials Analysis: Novel Applications and Recent Developments.
690 1986.

12. X-Ray Imaging Il. 691 1986.

13. Soft X-Ray Optics and Technology. 733 1986.

14. Reflective Optics. 751 1987.
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