To those who have your own PC:
Please access the URL below, download and install
SPECTRA before the lecture starts. If you have any
problem, please let me know.

http://radiant.harima.riken.go.jp/spectra/index.html

SPECTRA- a synchrotron radiation calculation code ERIEEE
Home Welcome to the SPECTRA home page!
jatting Started
% 2012/01/27: Version 9.0.2 has been released

Version History tis SPECTRA?

SIMPLEX Home
SPring-8 Home magnets, wigglers _(cqnventlonal and elliptical) anc_i undulat_ors_ (Co_nve_ntlonal, helical, elliptical and figure-8).
Calculations of radiation from an arbitrary magnetic field distribution is also available Parameters on the electran
beam and the source can be editted completely on graphica user interfaces (GUIs) and it is possible to show the
calculation result graphically. The energy spectrum and radiation power after transmitting various filters and

convolution of detector's resolution are also available. fis! Setup — SPEGTRA =S

Supported Operating Systems Welcome to the SPECTRA Setup
Wizard

The graphical part of SPECTRA is writtend in the C++ language with wxWidgets GUI tool kit and OpenGL graphic
library. Thanks to portability of these libraries, SPECTRA will run on most available operating systems such as

Microsoft Windows, Mac OS X, Linux, and most unix-like operating systems.

This will instal SPECTRA wersion 2.0 on your computer.

1t is recommended that vou close all ather applications before
continuing.

Important Notes on BErilliance Calculation Click Mext ta continue, or Cancel to exit Setup,
From version 7.0, the definitions of the natural divergence and source size of undulator radiation, which are necessary
to calculate the briliance, have been change as summarized in the below table. Because of this, the brilliance of
undulator radiation calculated with 7.0 or later may be lower than that with 6.1 or earlier by about factor of 0.3to 0.4
(dependent on the undulator and accelerator parameters).

Version 6.1 or earlier | Ver7.0 or later

e —
Natural divergence | g, = V-’l% Tyt = \j%
- Y 2L
Matural size o, = VIA o, = vala [ mext> [ Caricel
4m 47

In addition, the brilliance of wiggler radiation is calculated with the depth of the field taken into account, from version
7.1. This may result in a lower value of the brilliance calculated with the version 7.1 or later, e.g., 1 or 2 orders of
magnitude, than that with the earlier versions.
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What is SPECTRA?

e Quantitative evaluation of SR is
necessary to design optical elements
in the beamline, analyze the
experimental data, etc.

* This requires not only expertise on SR
but also numerical implementation to
take into account the e-beam effects.

« SPECTRA is computer software to help
the SR users to accurately evaluate
the optical characteristics of SR from
various sources.



Functions Supported

e Spectrum of photon flux (density)

« Spatial profile of photon flux and
radiation power

» K-value dependence of photon flux and
radiation power

« Degree of polarization (Stokes
parameters)

Brilliance curve

Filtering

Coherent radiation

Fully graphical pre- and post-processor



General Instruction (1)

ET;,%SPEGTRP- 9.0 - GX¥TT¥wx¥spectrad 0¥prm¥springd_prm

1- After Sta rting the prog ram’ File Select Calculation  Bun  Open Utility Confieuration  Help
open a parameter file or run e etester
[Flle]_[create NeW] . Bunch Prafile: | Gaussian ~ | Energy Spread |0.001
ectran Ener G Pulm) 2258 O 0
2.GUI panels pop up to show Secon ey 6o bm 58 g b
the parameters deflnlng the Circumference Mﬁﬁceleréxﬁbr E|11 2}{ E
. Bunches 2436 b ¥
accelerator and light source. oz ) = I e b
3. Edit the parameters related to || o e Ll
the accelerator and light e o |
SO U rce . Light Source Description
4.Save the parameter file if el Losp il Tal

ot U Oriumy 355916 op(uad) 4.99171

necessary_ S pecial Magnet Setup Toum) 297878 Tyfwrad) 13.236

Tyum) 712316 Ty(urad) 511144

Gap Value 915505 Erstlpeakie)  E544.02
B(T) 0.736225 T ZardipealieV] 16647.3
Periodic Length (cm) 3.2 T Flusg gt §.954b3e+014

Brillianceq gt 1.58007 e-+020
Total Length (m) 48 Peak Brilliance  B.15721e+0121
Mumber of Periods 140 Bose Degeneracy 00287544

K value 22 Total Power (kvy) 9.83453
Ay 5553 42




General Instruction (2)

5. Select the type of calculation (dependency and main
item) from submenus of [Select Calculation].
6. Edit the parameters related to calculation controls.

M Enerey Dependence — Partial Flux

Observation
[ Obzervation Paint in Angle Mumerical Conditions
Distance fram the Source (m) |30 [1Zero Emittance
- 000 (1 Zero E-spread
Initial Energy (&) Accuracy Level | 1 s
Final Energy (e%) 100000
. Clutput File Settings
Energy Pitch (e 2
(g}f | e ] [ Print Header
Kglitimm . L1 Print Uni
om  Calculation—Cantrgls
21 oty slit(eV) 5553.42
Ax (mm) 2 Flux (photons/sec/. 1%E. W)
Ay (e 1 FL(s1/50)
Y (o) FCis3/s0)
[ Easy Calc. = (200000 BY | PL4A(s2/e0)
1-|PL
[¥] Auto Pitch: Rel. Difference 0.5 IPL
CIFiltering
[ Convolution




General Instruction (3)

1 1 "5 (%
7. After specifying all the Hi=E
1 Accel Specificati
parameters and selecting el
OptIOnS, run [Run]_[Start Bunch Profile: | Gaussian * | Energy Spread |0.001
Calculation] command to Electron Energy (G24) |8 B 258 | ox D
Byim) 561 oty 0
. Awverage Current (maA) 100
Start a Ca|CU|at|0n. Circumfarence 1435.95 T3dm) 0.11 T 0
. T, 0
8. In ut a flle name to Save Bunches SPECGTRA: Galculation Status
p . . oz [mim) CATTwxspectrad Dicode_checkitest3foirad) 12.26
the calculation results in the || rescuene 67 5% complee e 1100
. Matural Emittance (mk . - S} 001722
dlalog bOX. Coupling Constant 0.002
gx{m.rad) 3.353e-009 gy(m.rad) B.786e-012
9. A progress bar pops up to
. . Light Source Description
|ndlcate the StatUS Of the Linear Undulator | Gap-Field Tahle
i MLink Gap & Fiald Grlum)  3HE91E opurad) 499171
Ca|CU|at|0n_ [ Segmented Undulatar Iylum]  237.878 Iylrad) 13.236
Gap Yalue 9.15509 Tyl 712316 Tyfprad) 511144
B(T) 0736295 SrgtipeakieV)  5544.02
Periodic Length (cm) 3.2 E3rdlpeak:ey] 16647.8
Fluxqt 8.95463e+014
etallaneiii 45 Brillianceq st 1 56007 6+020
Number of Periods 140 Peak Briliance  6.19721e+021
K value 22 Bose Degeneracy 00287544
29 stleV) 5563.42 Total Power (KWY)  9.83453




General Instruction (4)

10. The calculation results are saved in a file with the name you
specified and a suffix specific to the calculation type.

11. To verify the calculation results graphically, select the data
name and items to be plotted, then click “Plot”,

.

L

Accelerator Specification

Storage Ring

Bunch Profile: | Gaussian

Electran Energy (Gev) g

Average Current (mé) 100
Circumference 1435.95
Bunches 2436
oz () 5.99585
Peak Current (&) 392212

Matural Emittance {m.rad) |3.4e-08

Coupling Constant 0.002

gxlm.rad) 3.393e-009 gylm.rad) B.756e-012

Light Source Description

Linear Undulator | Gap-Field Table
[“]Link Gap & Field
[]Segmented Undulatar

O =pecial Magnet Setup

Gap “alue 915509
BiT) 0.736295
Periodic Length (cr) [3.2

Total Length {m) 4.5
Mumber of Periods 140

K Walue 22

21 gt(eY) 5553.42

- CEX
Energy Spres
[wirm) 22 107 -
Pyl X
' e
Txim) 0. g}
g 10 .
nyfm |0 X If ‘ [1
Thy(rad) I } [l 1| mu. |
Tyl 29 100 [ (L) 4
Gylpm] 6.1 \q‘ ]I I f
Yo 0.1
10“_ _
1
10°
Energy
crlum) 39
Iylurn) - 290 s
Iylum) 712316 Tylprad) 5.
£1flpeak o) 554402 Add ][ Remaove H Clear
Elgm(peak:e\f) ;ES;;BE o Select Data Mame Select X Axis
U1 gf [
Elemeer e 1 BEO0Te+070 CHTTwndepectrad Ohcode_checktestd | |Energy A
Peak Brilliance 5.19721e+021 Select File Name Select Y Auxis
Bose Degeneracy 00287544 Ener
Total Power (k¥Y) 983453 Brilliance
PL
PC
PLAS
1-|PL
Plot H Import ” Clear ” Close




TUTORIAL

I. Spectrum

II. Modifying the Conditions
II1.Spatial Profile
IV.Brilliance Curve

V. Scanning a Parameter
VI.Any Other?



|. Spectrum

e Calculate the partial flux of SR passing
through a rectangular slit.

e The output file of SPECTRA Is an easy-
to-read text file. Open It with a text
editor to check the contents.

 Create a plot to visualize the output
data.



ll. Modifying the Conditions

Change the width or height of the slit to
see how It broadens the spectral profile.
Change the position of the slit to see
how It changes the spectral profile.

If you find any peculiar profile, increase
the accuracy level.

Learn how to create a “calculation
process” to do successive calculations.

Learn how to create a “multiplot” to
compare more than one calculation
results.



I1l. Spatial Profile

e Calculate the angular profile of the
photon flux density.

e Change the photon energy to be fixed
to see how the profile changes
according to “detuning” (energy shift).




V. K Dependence

e Calculate the flux and power as a
function of the K value. This
corresponds to the undulator gap
motion.

e Learn the difference between “Fixed”
energy and “Peak” energy.

e Add a spectrum plot to clarify the
meaning of “Peak” energy calculation.



V. Scanning a Parameter

e “Scanning a parameter” is an option to
specify more than one calculations with
a specific parameter being changed.

 All the calculations are processed In
seqguence.

 An animation can be created by a post
processor.



VI. Any Other Examples?

Now, let me know your
requests on SR computation.



Documentation

« PDF-formatted instruction manual
(spectra_reference.pdf) is placed
in “[SPECTRA]/help” directory.

« HTML-formatted help files are also
available, which can be viewed by
running the [Help]-[Help]
command.
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