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Abstract way ‘ws.exe’ was written, however, allows it to apt

Thermal deformation in high heat load X-Ray optic®nly positive X and y values for the position o¢ ttenter
limits coherence and reduces flux in the radiatibat ©f the aperture it's analyzing. For this reasoeatbump
CHESS (Cornell High Energy Synchrotron SoucezCans only a quarter of the surface (where x areey
scientists use for imaging. Empirical models opPoth positive) and then mirrors the data three sirte
deformation have been created from measuremeriteof create a picture of the entire surface. This nibthakes
surfaces after exposure to the X_Ray beam, butsabla the reasonable aSSUmption that the radiation |mn
simulation software currently exists to model thes@bout both the x and y axes.
deformations virtually. ‘Heatbump’, is a GUI-eqpgd
MATLAB program designed to calculate three PROGRAM STRUCTURE
dimensional energy depostion in a solid. It uses a ‘Heatbump’ calls seven subfunctions to perform
executable file from the existing program XOP tovarious tasks during its execution. A list with
generate a spectrum, and a set of user input pteestte  descriptions of these functions, including ‘heatipum
generate a text file of energy absorptions by pwsithat itself, is given below.
can be entered directly into ANSYS for analysis.

‘Heatbump’
XOP & WS EXE Heatbump is the main calling function for the peaogr

‘Heatbump’ uses the executable file ‘ws.exe’, &nd includes a ‘switch’ that determines the cowfsthe
component of XOP 2.1, to create a spectrum of tiaxiia Program based on the source of the radiation. hist t
that serves as the basis for all of the calculatiorfime, only wigglers are supported, but if bend metgmd
performed_ XOP 2.1is a separate program desi@ryed undulator source Capabllltles were added, the dbde
Manuel Sanchez del Rio and Roger J. Dejus thgkecutes them would be called by this switch.
generates spectra based on synchrotron sou
parameters. ‘Ws.exe’ is the component that calesla || User Inputs | Heatbumpgui [
spectra from Wigglers, which are the only sourc \
currently handled by ‘heatbump’. Input parameter
include: beam energy, beam current, period, nunober
periods, deflection parameters (K) for the x and Undulat —
directions, minimum photon energy, maximum photof| r*mencies —f e8HUMP
energy, number of energy steps, distance from spwrc 1
and y positions of the aperture, x and y slit weddnd
number of integrations points in the x and y diat.

ANSYS Output File

Matrix Cutput File

Bend
Mot et Implemented

Crunchwiggler

The spectrum that ws.exe generates is a table twith | | Y

columns; the first being the photon energy andsdgeond ]

being power per .01 percent bandwidth of that phmotd Filters —| Absorption
energy. The table has as many rows as the nunfber|

energy steps set by the user, dividing up the gnengge
set by the minimum and maximum photon energies in Runwsonce

equal steps. l %I_
HEATBUMP Wiritewsin Ws.exe Parsewsout

What makes ‘heatbump’ useful for modelling hea
deformation accgrately is .it's ability to generat@wpr FLOW CHART OF PROGRAM
values as a function of position on a target serfaxOP
runs ‘ws.exe’ once, generating only a single spectand ‘Crunchwiggler’

a total power number for an aperture of a fixede siz
centered at a given position relative to the cenfethe
beam. ‘Heatbump,’ conversely, runs ‘ws.exe’ repeit,
using small apertures and varying their positiansefach
iteration, until it has covered the entire surfaafethe
target. This process generates spectra and totaém
figures in Watts for every location on the surfacéhe

Crunchwiggler organizes and tabulates all of theada
used in the program. It creates the necessarltwpall
all of the computational subfunctions, includings'exe’,
the proper number of times, sending the correca dat
each subfunction and collecting and formattingabgput
data.
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wiggler’s output spectrum. ‘Filters’ calculatesesuation
for each energy level of photon in the spectrum and
returns the attenuated spectrum to ‘crunchwiggler’.
Currently ‘filters’ supports filters of either Cavb or
Beryllium. These two elements are built in to Gl as
they are the standard filters in the CHESS Weshi&h
setup. Filters of elements other than Carbon and
Beryllium can be incorporated into the program lgasy
making a few additions to the code in the ffilters’
subscript. ‘Heatbump’ already passes all the requi
information to ‘filters’, making the code easilyadeable.

‘Runwsonce’

Runwsonce is a short simple script whose functotoi
coordinate all of the tasks required to run ‘ws.e&ce.
It first calls Writewsin, then it sends a direchmmand to
the operating system to run ‘ws.exe’ using the MABL
I operator (bang) and finishes by calling parsewsou
retrieve the data from ‘ws.out’. ‘Ws.out’ is thatput file
created by ws.exe every time it runs.

‘Writewsin’

In order to run, ‘ws.exe’ needs an input file camitag
gll of its input parameters in a particular formatis file  ‘Apsorption’
is usually created by the GUI of XOP, but because . , .
‘heatbump’ uses ‘ws.exe’ without XOP, heatbumplitse Once hgatbump has calculated a.flltered power for
must generate an input file for ws.exe to read wien eicf;Ic;::]?gonhotr;]éheofur;f:c;,maatzzqg:tg)goprop@@:ﬂat
starts. Writewsin creates a text file with extensiinp tphevger calcllJJ!IJationsvinumuch the rsl,ame v:/,\; az ‘flslters
that contains all of the information ws.exe needsun, in ; . ) y as
a format that ws.exe can read. Writewsin usessvialeen performs its c.algulatmns, but instead of ret“f”'“‘?
from the GUI (where they were set by the user) faouh amount of radiation that passes through the métetia
Crunchwiggler to generate this file returns the amount of the radiation absorbed int§Vat

' ‘Absorption’ performs its calculations using theléaving

‘Parsewsout’ relation:

When ws.exe runs it generates a text file callesl duwt’
that contains all of the data it generates duritg) i
execution. Included in this data is a simulatedcsim
of radiation emitted by a wiggler. Parsewsout &t

| =1,8%

This equation describes how the intensity (I) & beam
Silicon Absorption: 'heatbump' vs "XPower'

this information, which is formatted into two colus) ‘
and returns it to runwsonce, which in turn retuithto — Input Speotrum
. 7N\ 'heatbump' Absorption in 1.5mm Si
curnchwiggler. //\\ \\ ——"XPower’ Absorption in 1.5mm Si
‘Filters’ 8\ f
To create as accurate a model as possible, spec ... / \\\ ,
attenuation filters have been incorporated into ¢hde. & o\
Their thicknesses are GUI input parameters andeaset § | \\ \\ )
to simulate an experimental setup. =3 | \ |
VN
‘Filters’ is designed to account for the effectttfilers — * wst / \ \
of a given element and thickness will have on th “‘ \\ \
Filter Tl:ansmis‘sion: ')‘(Power' vs 'heatbump’ ‘ | \ \\\
—'ws' Spectrum e | S~
—'heatbump' C filter transmission / \\\ \\\\\
—'XPower' C filter transmission / ~— '\\\\\
'heatbump' C & Be filter transmission L 4 L L L T + s
0m 'XPower' C & Be filter transmission Photon Energy (V) o
decreases in the medium as a function of depth (x).
S Alpha (@) is the mass attenuation coefficient for the
2 absorbing element. The mass attenuation coeffitsea
g measure of how "absorbent" the material is for \&emi
5 energy level of photon. 'Abosrption’ interpolatesalue
" for alpha from the data on the NIST website
(http://physics.nist.gov/PhysRefData/XrayMassCob8ta
html) for each photon energy in the range for its
- calculations.
‘Absorption’ can calculate the amount of energy
: absorbed in a “slice” of the material whose thidsés
e ! ’ Photon|Energy V) ° e defined by depths x1 and x2 using one of the fadlhgw
FILTER TRANSMISSION: ‘HEATBUMP Vs, relations:
XPOWER -oX1 -X2 -ax1 ~aX2
I = Ioe = Ioe or I = Io(e = e )



‘Absorption’ repeats this process of calculatimgryy
absorbed “per slice” of material until it has readhthe
depth set by the user, generating a one dimengoiabf
energy absorbed as a function of depth in the nadter
The number of divisions and the total depth to bEhed
are both input parameters of the program. These,
conjunction with two scaling parameters that ase aiser
inputs, determine the thicknesses of the “sliceRie first
scaling parameter, called “Z Mesh Scale” can betset
“lin” to make all of the depth subdivisions the sam
height, or “log” to make them progressively tallas
depth increases. The second scaling parametdedcal
“Spacing Ratio”, sets the ratio of the height oé tlast
brick to the height of the first. In the “lin” g&tg, the
mesh heights are just the total depth to be praldéded
by the number of subdivisions and the Spacing Ratio
not used. When the “log” setting is used, the 8pwac

To insure that the scripts were functioning colgect
their outputs were checked against another compafen
XOP: ‘XPower’. ‘XPower’ calculates transmissiondan
absorption of power through a solid material. Phats
on this page and the previous page are the resfilts
comparing the output spectra of ‘filters’ and ‘afmn’
fo the spectra produced by ‘XPower’, given the same
parameters. The agreement is excellent, with armam
discrepancy of less than 1%.

ENERGY DEPOSITION

Once ‘absorption’ has plotted energy absorptioraas
function of depth, ‘crunchwiggler’ is able to ass#enthe
data into a three dimensional representation obrdles!
energy as a function of position on the surface defth.
For each “slice” of material, ‘crunchwiggler’ procks a
matrix of absorption data, the dimensions of whik
designed to represent the x and y positions osdhgple.

Ratio value is used to calculate the factor betWee@runchwiggler’ has graphing Capab”ities for these

adjacent mesh thicknesses, resulting in very thishras
near the surface and thicker meshes near the detzth
set by the user. The heights are scaled this wahat
the user can have high resolution near the surfabere
most of the energy is absorbed, without having
computationally prohibitive number of divisions, ieh
still probing deep enough to make a comprehensiy
model.

CHECKSAND INTERPOLATION

‘Heatbump’ currently uses interpolated values fasm
attenuation coefficients in three places during
execution. The first two instances occur in ‘fiftefor
calculating transmitted energy. The last is ins@iption’,
during the calculation of absorbed energy in thgeta In
each case, the interpolated values are generatettieby
‘interpl’ MATLAB function. The data tables that NIST
provides are scaled logarithmically and so ‘interpgas

it

matrices which are commented out of the code hutbea
reincorporated easily.

Absorption in the First 36.702 microns of Si
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given the log of each data point and the output wasaMPLE OF HEATBUMP'S GRAPHING OUTPUT
exponentiated to generate the most accurate values

possible.
Filter Transmission: 'heatbump' vs 'XPower'
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CLOSEUP OF FILTER TRANSMISSION:

‘HEATBUMP

OUTPUT

In the course of running, ‘heatbump’ produces two
output text (.txt) files. The first contains afl the output
data, in the form of energy absorbed per unit tane
volume (W/mni), in a specially formatted column vector.
This vector is designed to be pasted into an ANSYS
command line for running simulations. The ordetths
values in the column vector is very important. Whe
running a simulation in ANSYS, the sample mateigal
divided into a given number of small regions that a
numbered consecutively by ANSYS. The vector of
absorption values generated by ‘heatbump’ needs to
correspond to this numbering scheme so that the
absorption data maps correctly into the simulati@ach
line of the output vector is also formatted like ANSYS
command. A sample line of data looks like this:
BFE,1,HGEN,,0.01182614413,,,,

The acronyms and extra commas are for setting
ANSYS parameters. The number 1 is the number ef th



“block” that this data corresponds to and the fashber data, and the heat deformation that results froraré in

is the wattage. fair agreement with the observed phenomena. Hdpefu
‘heatbump’ will become a useful tool for CHESS
USING THE PROGRAM scientists.
Calling ‘heatbumpgui.m’ at the MATLAB command
prompt launches the GUI. From that point, the umsesd ACKNOWLEDGEMENTS
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);?ft!ennut Parameters
Hel s SR —_" g, REFERENCES
K Ky Min Energy>1 keV (6V)  Max Enérgy <20 MeV (&Y .
@ B i ] [1]  NIST Interpolation data taken from:
el el L LU L Lol http://physics.nist.gov/PhysRefData/XrayMassC
Inlagration Ports X: 10 Integration Points - 0 M |
[2] MATLAB Help File
o Unduator
it
o o
Bord
Aperture Inputs
Number of X-Direction Aperhare Numbar of ¥-Direction Apsrture
Divisions (Even ieger or 1) 2 Dwisions (Evers integer or 1) 2
Filter Parameters-
For C or Be taiefs, snts Hicknass of er, € Fifter Thickness (me) Fiter Element 3 Fiter Eloment 4
with 0 (zer0) Inckcating no fiker of that type. 0762

For thar siamarts, erter elemart by
using Ghremcal syl ond thickness.
‘Beumim At asistae BoFiler Thickness (mm)  Flter Thickness 3(men)  Filer Thickness 4 (mm)

SUpparted in fiture versions of heatbarp 34

Energy Deposition Parameters for ANSYS
Totad Depth Spocing Fiatio  Anghe (degrees) of
Blomeri in Microns Steps in ZDirection T Mesh Scale (ARSYS)  Incidence (from normal)

sicon v 1500 10 tag - 10 5

Output Parameters

Qutpat Fita Name (ANSYS Vector) | EabsvecZDid Cutput File Name (Humen Malies) | Eabsmat30 1

Run, Run, Run

THE ‘HEATBUMP’ GUI

‘heatbump’ with a mouse click. The GUI figure is
designed to close upon completion of ‘heatbump’.
Running the program without entering any text sethds
default parameters (which are displayed in the lexies)

to the program.

RESULTS

At the time of writing, ‘heatbump’ data has beemdis
to create an ANSYS model of heat deformation in the
target. This model has not yet been checked agtias
existing experimental models of deformation in $mi
conditions. The initial indications are that th®gram’s



