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Other raytrace tools

Geometric Optics Wavefront propagation codes Commercial programmes
(Intensity raytrace) (Fourier Optics) (lenses et al.)

XOPshadow (ESRF) PHASE (HZB-BESSY)
(Lambda Research)

Xtrace (KIT) SRW (ESRF) ZEMAX 1 or—

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011


http://www.esrf.eu/computing/scientific/xop2.1/intro.html

VAX_routines.for

RAY.EXE

RAY_VAX.ZIP

F. Schaefers
RAY @ @ssv

Software structure AN @ weiumosr:

ZENTRUM BERLIN
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RAY.FOR REFLEC.FOR
Crysub.for
Oeinput.for
Optcon.for
Raylib.for
Source.for

PC_routines.for LINUX routines.for

RAY.EXE RAY.EXE

RAY_PC.ZIP

(12.5 MB) RAY_LINUX.ZIP

INT-Seminar 29. Juni 2011
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Wha‘l’ i S raytl"a(:i ng? ﬁ HELMHOLTZ

e Imaging / focusing properties of optical systems
e create rays within a source volume

e trace them through optical elements

horizontal

o display geometric distribution at the focus =" "ro

apertures 3600 Vmm

eDesign tool for (SR-) beamlines
e point (extended) sources

SR sources (dipole, Wiggler, Undulator)

general optical applications

predict performance under realistic conditions

specify requirements of optical elements before order

dis
tance to soyrce m 24258

m]

e RAY, REFLEC o o2
e user-friendly

—11606 mm

Bendable

cylindrical —| 1538 mm

easy to learn g™ |
easy accessible I

cylindrical
every day use

minimum file handling
online graphic
quick response to new demands

Om 114m 254m 28m 39.5m

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011



BESSY optics software tools  weLwnoLrz

ZENTRUM BERLIN

fur Materialien und Energie

photon source
WAVE / URGENT / SMUT

!

FEM . optical elements gratings

ANSYS / ProE REFLEC EFFI

l

raytracing
RAY

Y

grating efficienc:

c

000 00
X (mm)

temperature distribution spatial distribution grating efficiency spot pattern

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011



Flow Chart of RAY A L

fur Materialien und Energie

yes; unchanged
no | yes; change

How many rays ? (N)

. SOURCE
MA_trix HU_Helical dbl. Undulator
PO int DI_pole UF_Undulator-File
PI_xel WI_ggler HF HU-File
CI rele WU _Welr./Und. FI Te

Parameter input

1
SL it OPTICAL ELEMENTS PG plane grating
FO _il CO_ne PA sloid SG_spherical grating
ZO neplate SP_sphere EP_elliptical parab. TG _toroidal grating
PM _plane  TO roid ET_elliptical toroid CR_ystal

CY linder EL lipsoid  EO_Experts optic CC_cylindrical crystal
|

I=1,..M 1
| IMAGE PLANES |

1
[STORE PARAMETERS 7]
T

= no Graphical
User Interface,

DISPLAY LIMITS |

Ra. traCe fv & )_I PLOT FOCUS POSITION CALCULATION
y - M e eI no ¢}K S
yes - l

but ,remotely”
] . | attachable
R 1o IDL.,

= —  LABVIEW,
PC-Batchfile

|RAYTRACE (i=1,.N) |

= DISPLAY RESULTS

Graphics output |

L Projection (z=0) Footprint Darwin width  Energy resolution Pointd;ugram
r T T 1 OUTPUT
ASCII-FILE HARDCOPT‘ PS-FILE EPS-FILE
| ] |
REPEAT DISPLAY | | NEW START | [_Exit
]

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011
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What is a ray? RN £ o

e A RAY is described by 12 parameters
geometric coordinates (x,y,z)
emission angle (I, m, n)

energy (hv)

polarisation (Sy, Sy, S,, S3)

e time (pathlength) (1)

o The RAY starts in a SOURCE-volume  _ &
with defined emission characteristics ~ v t 2
e point
° diPOIC 1. OPTICAL IMAGE

SOURCE ELEMENT PLANE

e undulator
e The RAY is modified by OPTICAL ELEMENTS

acc. to laws of geometry and optics x
e transmitting - slits, foils (abs.) z 1Y
e reflecting - mirrors (refl.) S
e dispersing - gratings, zoneplates (eff:)
o diffracting - crystals (refl.) '

o All parameters of the RAY can be visualised

at the Source, Optics and Image Planes
/‘/‘,‘ >

o
F. Schaefers T ‘\’
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OPTICAL DATA TABLES . £,

fiir Materialien und Energie
- U '—

MOLECULES (ALO,, SiC, Si0,...)  n,k

more than
geometry...

PALIK (Al, Au, C, Cr, Cu, Ir, Ni, Os, Pt, Si,...) n, k

HENKE (Z=1-92) f,f,

Calculation of

CROMER (Z=2-92) f,, f,

 Reflectivity

STRUCTURE FACTORSf, f,, f,,c B Efficiency
Zinkblende
Hexagonal

e Transmission
Beryl * Rocking curves
* Photon Flux
 Resolving power
e Polarisation

1E-3 0.01 0.1 1 10 10
Photon Energy (keV)

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011



Point (x.,y..z.) and direction cosini (I;,mg,n.)

—

X =

/%)
y =
\Z,

\ (singcosy

\ns ) \cospcosy

X, +log

=| siny

Create a ray

(Xs\ /IS 3
ys +1 mS
\Z) \Ns )

F I=sinpcos
 \=singcosy

N=cosQcos\y 7

X_Xs _ y_ys . Z_Zs

5 M N

INT-Seminar 29. Juni 2011



SOURCE TYPES

counter-clockwise rev.

ﬁ HELMHOLTZ
ZENTRUM BERLIN

fur Materialien und Energie

(e.g. BESSY I)

T ¢mm)

clockwise rev.
(e.¢. BESSY II)

e Input by ASCII-data file:

UF_Undulator HF Helical Undulator

Pl _Xxel Cl _rcle

"

™ .
™
e i
ETRET] N o D
T omses
cote
ey
oy , ,
)

KT w "
e X (um)

WI _ggler

HU Helical double Undulator  FI _le

e Realistic simulation of source intensity, volume and emission
e SR sources: polarisation included

F. Schaefers
RAY @ @55Y

INT-Seminar

electron beam emittance effects
detuning effects (orbit change, misalignment)

29. Juni 2011



Raytrace Basic law of RAY:

ﬁ HELMHOLTZ
ZENTRUM BERLIN
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§1: ALL RAYS HAVE EQUAL PROBABILITY = INTENSITY

10
e Systematic generation or...

0000
0000
0000
O0O00O0
0000

e Statistical generation of rays within the source @ 0sl

e Probability distribution
- start coordinates x, y, z
- emission angles @, v X
- energy, time... e
e Advantages - easy S .
- few rays enough for realistic
simulation (within given statistics)
- no systematic errors (only statistical) 02¢

e Example: Gaussian intensity profile

1. get random number ranl 3. probability for this x value

2. scale variable, e.g. X 4. get random number ran2
SX/2 < X < 8x/2 5. ACCEPT x ONLY IF

6. if not, goto 1

F. Schaefers
RAY @ Crssr INT-Seminar
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Raytrace §2: ALL RAYS ARE INDEPENDENT, but.. S # weLmnoLtz
(Particles and Waves) . UMk

fiir Materialien und Energie
o Statistical treatment of an ensemble of rays
Collective effects (Interference, diffraction..)

e Reflectivity loss / angle / energy (Rocking curves)

1-1.;— 1w y T y g '—'_ u T 7 = ¥ 1.0 T
: -15 deg
’ NS0 1 ool
E o, AT | |
1 4 %06l Si (311)
T by 10 keV
=3 /, a
= :E L
E A K - 5 04
b @
o oo ° =
[ l 1{ g
i ‘ I 0.2
1 L o/
Y J‘jlmlﬂ;, Ztela { = ] ion
. 55 - 379 . S 0.0
< g 0 2 4 6 8 10 12 14
RhAtAan ArnAar~ AR
; W . , 6 -0, (arcsec)
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80
F. Schaefers
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Raytrace an' 3rd order sur'faces (MI, GR, CR) \ ﬁ ggwmﬁh?ﬁuﬂ
F(X,y,2) =

= X" +a,,Y +a,z° +
+2a,,Xy + 2a,,XZ + 28, YZ +

+2a,X+2a,,y+2a,,7+4a,,
+b,x*y +b,, xy* +

PM_plane m.
_ +b,.x°z +b, xz° +
CY _linder (x,2)

o e +b,,y’z+b,,yz° =0
SN/ \\

TO roid

SP_here

ET_elliptical toroid

EL_lipsoid DI_aboloid

PA_raboloid (circ. ell) @ - EO_expert's optic

F. Schaefers
RAY @ Crsar INT-Seminar
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http://de.wikipedia.org/w/index.php?title=Datei:Torus.jpg&filetimestamp=20050703080518
http://de.wikipedia.org/w/index.php?title=Datei:Paraboloid.png&filetimestamp=20050706173619
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http://de.wikipedia.org/w/index.php?title=Datei:Torus.jpg&filetimestamp=20050703080518
http://images.google.de/imgres?imgurl=http://www.naturfoto-cz.de/bilder/sevcik/asiatische-elefant--elephas-maximus-1.jpg&imgrefurl=http://www.naturfoto-cz.de/asian-elephant-foto-1340.html&usg=__UmQjVdBySEGoe9WmziJjtCrlLoc=&h=404&w=600&sz=63&hl=de&start=1&tbnid=zIOmgO0aZwDhGM:&tbnh=91&tbnw=135&prev=/images%3Fq%3Delefant%26gbv%3D2%26hl%3Dde%26sa%3DG

Raytrace

Textbook r'aytr'GCing é e LI BERA

Find the intersection point x,, yu., Zm

Find the local normal vector a=(n

N

Find the direction of ou‘rgoir;e ra 71 a,=a, —2- (noal)n

(Include slope errors, surface profile)

Attach next optical element

or find intersection with
Image Plane

) Data Evaluation, Storage, Display
241
Start with a new ray in the source...

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011



Raytrace B
Y ; & ﬁ HELMHOLTZ
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(Multilayer-) Coatings on Optics

e Special monochromator mounts:
SX700 plane grating PGM
Spherical grating SGM

Varied Line Spacing-(VLS-) gratings
Laterally graded crystals, -multilayegsY,,

haught [nm]

e Miscellaneous: Misalignment ,,.ageweg,s;gm

“'(\ .m*

ft 3rd
50 ? bampolhg

i R

® Measured, calc. surface profiles

e Rectangular, circular shape or rings (capillaries)

F. Schaefers
RAY @ Crsar INT-Seminar
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Graded Multilayers - Supermirrors E 7 ueiwnon

% APRPLDIED X -5 AN

AXO AXO DRESDEN GmbH Applied X-ray Optics Réntgenoptik und Prazisionsbeschichtung

Laterally graded multilayers

BRAGG's law: L = 2d sinf
= smaller incidence angle requires larger layer thickness
= laterally graded multilayer (for point sources or bended optics)

Typical application:
d = 2.88-3.52 nm for a distance of 60 mm
=> Ad/L = 108
P 5.5 mm
/”/ﬂa — Tokyo: 553 km {xrice:carn)

AXO DRESDEN GmbH Applied X-ray Optics - Siegfried-Radel-5trafe 31 - D-01809 Heidenau - phone: +49(0)351-83391-3249 - fax: +49(0)351-83391-3314 - www.axo-dresden.de - contact@axo-dresden.de

F. Schaefers
RAY @  Coresy INT- Seminar 29. Juni 2011
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diapyx.z) = dapyooy ¥ (1 + blz + b2z% + b3z3 + b4z* +

+ b5x + b6x? + b7x3 + b8x%)

F. Schaefers
RAY @  Coresy INT- Seminar 29. Juni 2011
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Reflectivity and Polarisation NN

e Each ray has an energy (E) and a polarisation §_n_ =(So, S1,S2,S3)
ini
(Given by input or calculated (DI_pole, WI_ggler, Undulator))

o E and S can be different for different rays
o Polarisation is traced through the entire optical system

‘ Determination of energy resolution
Determination of (de)polarisation effects

§final = R(_Z) M R(Z)gini

R+R, R, —R

Som 1 0 - 0 0 Soini Sy final 5 5 0 0 Som
§ _ S 0 cos2y sin2y 0] | Sy, Siia | | Ry—Ry R{+R 0 0 Siu
Mols 0 —sin2y cos2y O] |S,. S, il 2 2 _ Som
S 0 0 R,R,COSA  R;R,sINA S
S 0 0 0 1) \Ssn 3final 0 0 “RR_sinA RR cosA| =~ "
s''p S°p

Rotation matrix Muller matrix

F. Schaefers

RAY @ @55Y 29. Juni 2011
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Raytrace

ﬁ HELMHOLTZ
ZENTRUM BERLIN
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kA=d(sina +sinp) N (L \

(56): m, |= \/m12+n12_(n1_a1)2
2 \nl_ai )

Reflection Gratings (plane, spherical, ’roroia‘&i‘)\:ﬁ.ﬁ _

VLS-6rating:

1/d =n=n, - (L+2b,2 +30,2 +4b,2° + 20,x + 30,X% +4b,X° q=kl/d
conical diffraction
40 ! 1 ) ! 'V 29_1I60° ' — + T - T _ + T T T * T * 1
. 100/ MRl 2UQRULZ2 £V, . 20= ‘ O o ._.h:jooo imm 75/100/135eV 20=160°
B R i D P 4 7] - 1
o T RASRRRISRARES . 2 . ] 10k . i
.l - o O | 0 order .
= wenmekt et o A, - e T - H E
I T e—— m= l ol 1st order T, i
— PREN PRSIt s s T .
E 10 - O ] 2 ] g - \{
E } - e ! 1 £ 30 -1 0 1 Zn%order =75 eV 7
g 0} « 3 NN — c | ‘2
= - o
> 75eV . o L1 = -0 i 1008V
3 10 100 eV Mu - 2 7 f %
o 135 eV; ::Wmﬂ:‘ a
> = eIl - > -50 -
20 L R e Ao - s | 3rd order |
R unaommubn 1 135 €]
w een 3 SR, madndelilanabortelss FUT £ o, . 2
-30 B ran A g . _4 ] x ]
70 T
-40 ! 2 1=« proe piniapifeiteae i 4 "y 1 \ | | |
-10 0 10 20

X Position (mm) N
X Position (mm)
F. Schaefers
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Special optics: Zoneplates - o PO
transmission, reflection) B ZENTRUM BERLIN

Cross-section of
Off - axes ZP

Elliptical Reflection o |
(Bragg-Fresnel) zone plate for ] iy
reflection, focussing, ' | \-\
monochromatisation s 3 | \
Gold reflection off-axis zone plates on a Si = - / L / Vo
substrate: 715 eV, 785 eV, 861 eV. oond . [ht \ i \ J \.\ )
Focal distance: 902 cm. Outer zone: 1 pm. 1L | / | [ / A
Aperture: 80 mm x 10 mm i / \ \ \/ \ X \
ST N
-40 -20 0 20 40
Intensity profile"in the focal plane
P ey calculated with 100 000:0Q0Q:rays

RAY @ @ssv INT-Seminar



ZENTRUM BERLIN
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Special optics: Zoneplates BN 7 weimnon

(transmission, reflection)

Courtesy Shahin Shahraei
Courtesy Alexei Erko

Raytracing
code RAY for
fs beamline
calculation

y
/.
Z

» Superposition of gratings
» Local grating vector:
ed,
e d,
» Decreases outwards

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011
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Impact of c-value: Beamline study MAX IV

RAYtracing

Start with 3 diskrete energies
500 eV, 500 + 0.01 eV

178° o
Watch pattern at exit slit
hor. focus 003
plane gratings
/\ 0.01
L » |
s ' o}
- ,
undulator toroidal plane cylindrical exit
mirror mirror mirror slit o
17000 5000 2000 10000 5000
I T T T |
0 17000 23000 25000 40000 Vary magnification ratio c

distance to source point (mm) C=cos /cosa

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011
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Impact of c-value: Beamline study MAX IV F weLunoirz

Beamline study MAX IV

=95 No slope errors
0.03 I 0.03 71— \
L i Width(y): 0.032£42 ram
- — enter 1 0.000 mm
0.02 — — 0.02 — =
Q.01 — Q.01 |~ —
- ] i ] )
€ = - 0k . S 500 eV
> i i i i o
| , L , (Q\|
—-0.01 — —-0.01 —
—-0.02 - — —-0.02 -~ —
—~0.03 | L | L | L —0.03 L | L | L
—1 —-0.5 0 0.5 1 0 200 400
600 — ‘ ! Widlh(x)I 0.416446 mm_| ‘ﬂteﬂS.\ty
> L Center : -0.011 mm | max.ray
‘© 400 - _ 2. image at: 15000.00 mm
S L i N/s/0.1A/ 0.0mrad/ 0.100%BW .1000D+01
= 200 — _ Transmission:  100.00%
- L i 20000( 20000) out of 20000
0 ! N, o/mm?2 D.1606D+03
—1 -0.5 0 0.5 1 S1:1.000: 0.00:3z 0.000
27/10/07  21-23-37 Administrato X (mm)
F. Schaefers Demagnified source improves energy resolution

RAY @  Coresy INT- Seminar 29. Juni 2011



Impact of c-value: Beamline study MAX IV i

ZENTRUM BERLIN

fir Materialien und Energie

2.10 ,,Figure of Merit" 2

RAY in IDL surrounding
do i=1,8000

RAY (i)
end do

10.0

5.0E+01
4.0E+01
3.0E4+01
2.0E+01
1.0E+01

cff

FOM

1.0}

0.1
10 100 1000 total calculation time

energy [eV] -3 dayS

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011
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Crystals [l

| % iy

- Bragg-reflection at crystal lattice planes:

A=2dsing

- Asymmetric crystals (offset to surface):

b= (sin@ —a))/(sin@ +a))

X-ray Source

Sl enEtal
* 6raded crystals (d=d(z)) \ P
9 = At =bAG:
——————— | e e
* Plane and cylindrical crystals W R A R e

Increasing d

5i(311) |
10 keV

-  Darwin-Prins formalism

e
-

Reflectivity (s-pol.)

- Crystal structure factors F,, F,, F,,

(geometric properties - element specific scattering factors
(Miller indices hkl, elements, lattice constant, f=fy+Af,;+AFf;)

e
i

e
o=

0-0, (arcsec)

Calculated for zink blende, quartz

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011



side view

<0.5 mrad

Crystals

<0.2 mrad

328

ﬁ HELMHOLTZ

ZENTRUM BERLIN

fur Materialien und Energie

Double Crystal Mono DCM

) |
||

optional

undulators

ca. 500 m

4-bounce Bartels Monochromator

asymmetric (60°) diffractions Miniature monolithic Ge
E= 8.03996 keV, 4-bounce monochromator
AE= 14.685 meV for Co Kal radiation

F. Schaefers
RAY @ @55Y

INT-Seminar

Four Crystal Mono FCM

High Resolution Mono HRM

29. Juni 2011



low divergence in collimation and focusing applications
Marcelo G. Honnicke, Jeffrey W. Keister, Xianrong Huang, Nalaka Kodituwakku, Yong Q. Cai

Multilayer mirrors and Gobel mirrors

# \ coow
- ¢ i -
Source size at the sample position: 5|um:5pr|1 '
Angular acceptance: 5 mrad x 5 miad

Multilayer choice and mirror parameters

m.A =2 dsinl@)(1+jr,,) feurved :.:u.myu Theorstical reflectivity  Parameters to be ™ T =1
mirrora): (1% harmonic): .85 detormined (by 1\ | ]
Xeray powder diffractometars Paramoters: mmy racing): | 3. 1
o improve the intensiy on B4G/Si= 1.5nm Imperfecctions in \/ |
the samples. W= 1.0 nm the lattice | |
Multilayer mirrors (ML}: 100 bi-lryers parameter (id/d),
Syrehvetron monochromagars with {200 in total) slope emor and 2 i
large bendwidth and high refletivity Sisubstrate roughness AL g
me"‘?‘ff‘:if* M Parabolic Elliplic
¥ S = L] El - " L - LY
ey | P |y | o | |!’ﬂ|'-—‘ F-¢|H|>'-||
Applications I L A B e e N e e e e e |
Ray tracing

Divatgenca: 0.1 mrad x 0.1 mrad
ngle aptical elemet effort.

Single optical element effort

-~
1 oo
== - §  Lshaped collimating optics
e 7 7 parabclic/parabotic ligure
m— z B Leshaped focusing optics

elliptic/clliptic Ggure

Parabodoid or ellipsoid

L-shaped focusing colfinating optics

llimsating ‘collimal i H
elliplic;parabalic Hgure e b mmg”“fn = h

* SHADOWWVUL (XOP extension) does not work |
with lateral graded ML - RAY (BESSY) works with
Isteral graded ML.

* SHADOW and RAY are not able to sasiy handie
with L-shaped mirror {as a single optical slement). |
o In house MATLAB/OCTAVE scripts: graded ML @
and L-shaped miror. Adjustable paramatars: source
size, figure. multilayer parameters (reflectivity. that |
depends on the layer material Fhickness and
number of layers), random layer thickness
fuctuation (6did). shope armr _ roughness and
imperfections in the comer. ; R

L-shaped mirrar
Parabalic/parabodic Ellipaic elliptic Parabolic/dliptic
L 1 _—

— o = —

a) Perfect mirrer (no slope efror, no roughness o = 0, no random vanations in
the lattice parameter Adid = 0): b) Slope emos 5 wrad. o = 0.2 nm. Adid = 7.10
% ¢) Slope emor 10 prad, o = 0.2 nm, Adid = 7.10%; d) Slope error 15 prad, ¢ =
0.2 nm. Ad'd = 7.10%. Dark diagonal line = the missing intersity due fo the
WQ’N?MJ

e parstolic L skaped
T e p—
s sborwn shovs,

: Divorgemece
praded mudslayer mimor
e ars B, Sock rova

Sloge ermer jursd)

Divverpence {urady
T}

10
15 o417

Parabolic ellipsoid and parabolic paraboloid

57
7

Ray tracing parabolic paraboloid using SHADOW
Slopa emor 10 prad, o = 0.2 nm. Dvergence: 200
prad % 30 pud Inhouse ray tracing for laterally
graded multiayer and also for parabalic elipsoid in

progness.
E i ]
[ ————— 7 Office of
BROOKHPEUEN oo 4 Science

NATIONAL LABORATORY

U5, DEPARTMENT OF ENERGY

F. Schaefers
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Examples

Photon Flux / 100 mA

ﬁ HELMHOLTZ

ZENTRUM BERLIN

fur Materialien und Energie

side view §
<0.5 mrad 11
| I ' W i o\ =
LR N 4 BDEEES
distance between elements (mm)
| 12978 | 15120 | 7175
(l, 115\40 118\00 129I7s 280198 35|273
distance to source (mm)
) (HAX)PES better than calc.
10 E T T T T T T T T | L N AL E 1-0 rr—nmnrrrftrororerrror T y— T T T T T L
- [ ) l/ ]
] Si(111) _, "
] (111) Si (311) _ 1
g 4| s (422)
10°F  si(11) o 319 T} -
i i —
Pth : 5
A 18
10" L @
prL ] o i
" Si (555)
6 \1 O01f .
L PtL .
10" k ] . A A [T I RN S B .lI.!t [ Si QM) Si (4%544)
2 4 6 8 10 12 14 é ‘:léSllOilz
Energy (keV)
F. Schaefers gy (E ; )
INT-Seminar 29. Juni 2011
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ZENTRUM BERLIN

fiir Materialien und Energie

Examples . ® # weLmnoLtz

Stigmatic Imaging of an astigmatic source
(Convert toroidal to spherical wavefront)

Seitenansicht . . .
Spiegel fir ——— n
vertikale /
C--—- Quellpunkt - Fokussierung
vertikal . .
: — Diaboloid
Y axis
Fokuspunkt “\\
\\\\\\\\“Q}{{%&%\\\\t\\‘\
i TR
Draufsicht 5 &*33“33\‘%%&3\\%{&?3‘3%3@ ! :
R R
‘3\\\\\\\3}Q&‘\\\}g{}{\\\\§\\\“ INARAAR cuntie
S

LS AMACER R W
3 Iﬁ“\‘\\\\\\\\\‘\\\\\‘““}\\\\
"l T

/ X axis © L
Quellpunkt - -
horizontal Spiega] fL]r —f\\g._\

horizontale IR Z axis

M: 50_180 ' 1 Fokussierung

Flo,y,z) =0 = apa® + any® + a3z’ +
2a93Yz + 2094y + 20347 +

Ly

focussing properties:
IDL-Animation

(Thomas Zeschke, BESSY)

F. Schaefers
RAY @  Coresy INT- Seminar 29. Juni 2011



Examples DiabOIOid _ op‘l‘ics ﬁ;’g,ﬂmﬂimm

fur Materialien und Energie

. : . ?
Diabolaid Surface Searching 1 \\
— central beam \ :
2 oo
\D, ; -
0 T it '
' I N H\
S R 0
- - i 2
b ‘ 1
1
. 3% af all raya
e - in the image plane
footprint of rays and surface deviations [pm] 3 image planes, scale [pm x pm]
with respect to an initial ellipsoid diztances to middle plane +,/— 50 um
surface gize 200 mm x 10 mm

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011



Examples A # weLmnoLtz
SN ZENTRUM BERLIN

fiir Materialien und Energie

0.5 | ' ‘ '
h central L . W[th S|Ope errorS
bear | mwithout slop G, Errors
1 ‘L]_ )
S + ++++ i + Tt
3 OO B ++ B
"o - + oo+
B \ e + +++ ¥ P i ﬁfj;
=Y L axi +j+ N .
. £f\u

—0.5: ane? ' :
{ o o
sH A

—0.2 0.0 0.2

slope error (o) 0.5um x 0.2 prad
spot size (fwhm) 0.037 pm x 0.162 um

Flo,y,z) =0 = apa® + any® + a3z’ +
2a93Yz + 2094y + 2a347 +

Ly

F. Schaefers
RAY @  Coresy INT- Seminar 29. Juni 2011



Rays / channel

S Time Evolution of beams - _ E, PR
controlling the pulse shape & broadening " QEEEEMIIEEEL

fiir Materialien und Energie

Path length pl= \/((X_de)z (Y = You) +(Z=2Zg4)") — 20
27

. I
Phase @=——nl Travel time t _M
A c
........ Focus
Source Grating o
Grating 500 sV, =2 K]

AE =70 meV

=
® T ,. T T '. T " ° T T T T . N =
1200 | l\”b’?'\,’"v\".’o".’\.’\.ﬁ'.\.’o:."i‘&g sty | g
® \ =
I mfh
1000 F ¢ T N\ 10b
£ | i
800 |- {1 ® o
100 fS | 2 als” 49990 49995 500,00 500,05 50010
600 |ee > photon energy [eV]
S0 um I
:'-:C.':K 100 -
200 |- - £ 2000 )
s e >
0 1 . 1 . 1 . 1 . 1 w
-60 -40 -20 0 20 40 60 E
) - - =
Time (fs) width

Confining illuminated grating length: v T T
pulse length unchanged time [fs]

(source: 100 fs rectangular)

F. Schaefers
RAY @  Coresy INT- Seminar 29. Juni 2011
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Outlook WOVCff’Oﬂ"'S, Coher'ence e ﬁ HELMHOLTZ

Path length pl= \/((X_Xold)z +(Y = You)* +(2-254)%) — 29
Phase (0:2777 pl Travel time t :BI
C

Coherent illumination of toroid, 10:1, 6=2.5°

e 0.4} ”ﬁd’ﬁ?
0t ";
g 0.0 s_,_s'*:?‘:é
-0.2} z
~0.4] SN _
: ‘ ‘ . . o, .
z N -0.4-0.2 0.0 0.2 0.4 i—_\,'._.!f-_ . _ -
; i
Geometric Phase 1=>e” = Interference
Intensity j
Similar to "real” wavefront codes: PHASE, SRW
e Phasespace, time, energy, polarisation:
‘ Identify sections of equal phase: Coherence
F. Schaefers
29. Juni 2011
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#HitHHHH HUAUAIH  HAHIHHIH HIHIHIH #HIHIH
##
##
HIHIHIH
##
##
HIHIHIH HURHHRIH  HUHHAHRIH i

a program

to calculate B
VUV/X-RAY OPTICAL ELEMENTS ‘

and
SYNCHROTRON RADIATION
BEAMLINES



http://images.google.de/imgres?imgurl=http://www.weltderphysik.de/intern/upload/forschungsatlas/leibniz/Logo_Bessy_2007_07_10.gif&imgrefurl=http://www.weltderphysik.de/de/199.php%3Ffe%3D217%26back%3D%252Fde%252F199.php%253FPID%253D1%2526amp%253BRSW%253D1%252C1%252C0%252C9&usg=__l52PyAeFcQ1l3cGMhjJ2BSGwgIg=&h=108&w=232&sz=5&hl=de&start=1&um=1&tbnid=ewmMdVOY0BF19M:&tbnh=51&tbnw=109&prev=/images%3Fq%3Dbessy%2Blogo%26um%3D1%26hl%3Dde%26sa%3DN

ﬁ HELMHOLTZ
ZENTRUM BERLIN

fiir Materialien und Energie

Other reflectivity codes

IMD (D. Windt)

CXRO webpage (E. Gullickson)

F. Schaefers
RAY @  Coresy INT- Seminar 29. Juni 2011



REFLEC - everything but geometry " S—
SR Sources - Fresnel Optics - Stokes Formalism ZENTRUM BERLIN

FLOW CHART OF REFLEC < .
@S ! Beamlines or

- INFO
P
INIT DEFAULT

Elements (<10)
e SR-Sources

fir Materialien und Energie

yes; unchanged

no |yes; change
individual
EEAMILINIE ELEMENTS

_ e Mirrors
Parameter input |
ELEMENTS ?(N) o G t g
p SOURCE ELEMENTS: ratings
DI_pole, WLS SO__urce -
R wom * Foils
Fo_il
optical ELEMENTS: &iﬂ:ﬁzlpwpv L CryStaIS
MI__rror  GR__ating -
Folil oRLyssl DISPLAY-TYPE ° Wlnd W
=) i=1,..N 0 S

Multilayers

Beamlines, sources:

« Photon flux

DISPLAY RESULTS

Calculation » Resolution
E T B » Angular distribution

I

R Elements:

m—— S T . Reflectivity R
§F E 1 KX ; i 3 Y o Yy S,p
£ R g e AN W « Efficiency E

3
[ ]

Rocking curves

Polarisation prop.
Phase retardance
Optical constants
Absorption prop.

OUTPUT DATA?

r T T 1
ASCII-FILE HARDCOPY PS-FILE EPS-FILE
L 1 1 ]

Graphics output

I I ]
CHANGE PARAMETERS | [ NEW START [ ExiT ]

F. Schaefers ... dS fCt Of an Ie, ener
RAY @ @55\! INT-Seminar g gy



Conclusions LIMITATIONS / WARNINGS e

fiir Materialien und Energie

o The program has NO intelligence - even after 25 years of programming
e The program will NOT give any ideas for the kind of beamline you want to have

e Nor does it have any idea of good experiments at a beamline

e The program performs only what was programmed -
The results are valid only within the mathematical or physical model implemented

e The program may still have errors (it has - definitely!l)

o The designer may have made typing errors in the input menue

e The designer may have misunderstand the program’'s language or a result

YOU ARE THE EXPERT - NOT RAY Il

F. Schaefers
RAY @ Crsar INT-Seminar 29. Juni 2011
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ACkﬂOW' edgements ﬁ HELMHOLTZ

Programming Special features
implementation

J qsef Feldhaus (Start) Alexei Erko (micro-, nano stuff)

Michael Krumrey (cr) Rolf Follath (time)

K..J .S. Sawhney (rv) Gerd Reichardt (6Rr)

Dirk Abramsohn (rc) Fred Senf (co)

Shahin Sahraei (Rrzp)

Thomas Zeschke (bL,biab. Phase)

Advertisement

Users William Peatman
("6ratings, Mirrors and Slits")

BESSY optics group
Worldwide usage Alexei Erko,  Dotinens
Mourad Idir et al.(ed.iisii

("Modern Developments...") « S

Crost ) Speinger

Sch
AY @ Coresy INT-Seminar 29. Juni 2011




F. Schaefers
RAY @ @“Y

HZB-HMI

RAY users in Berlin

Charlottenburg
Wilmersdorf

Steglitz - Zehdendorf

BAM

INT-Seminar

FMB
BESTEC

Treptow - Kipenick

PTB

HZB-BESSY

ﬁ HELMHOLTZ

ZENTRUM BERLIN

fiir Matarialign und Energie

HUB

MBI

29. Juni 2011



RAY users in Germany N 7 vewnor:

ZENTRUM BERLIN

ie

e DESY/HASYLAB
erne
Moers .‘ I'EI.. Bochurlr?o' A, FLASH/XFEL
DBu. Murhe:i"m Witten Schleswig- Ostsee
Krefeld Hagen Kisl U . H b
Dissekorf @ Wuppertal o Neumuns!:-i?IStem ni am ur-g
Remscheid orases ltzehos Libeck
. . Mord d
Uni Bielefeld ik e "~ Vorpommem GKSS Geesthacht
haven ¥ Schwerin
Ernden haten £t Bremen) i Hambure | INCOATEC
Bremen .
Oldenburg Linsburg - .
Delmenh.ors_Bt_r_e_mgn Elbe Eber: Unl POTSdam
Uni MﬁnSTer‘ Niedersachsen Oranienburg walde
Celle Stendal Berli
MNardhorn _I-!gg_rlg\_{_e_r_WOHSbUfg Brandz:-m = : . MPI POdeam
QOsnabriick burg
iclefeld Tlées-Braunsch\-\'eig Magdeburg Fatedam 1y ) . g
DELTA/Uni Dor\fmund . f; BI;:t:wld =l Salzgitter S Brandenburg Unl Gotflngen
o . ....................... V‘"*‘f.*‘". Sachsen Anhoit
Uni Kassel T $-pf SO Uni Cottbus

—

Halle | Leipzig b Hoyerswerda:-n \‘
] g ]

Gorlitzof

Sach sen

Diinne Schichten

4 Siegen - h--

FZ Jilich

B.G. i
Hese en Eisenach - Joh Q.
: Thiiringen .
fa Pwickau
Fulda
§ Suhl

TSCHECHIEN Axo / IWS

Coburg Haf

Uni Bonn

------- e T——
S chwy emfurt *.( Oberfranken - .
“““ZOffenba‘-'hAschaffEn Ban-‘fi;erg La'nde?grenze \‘ Jenopflk
Darmstadt burg Lk _ Bayreuth- - Bedrksgrenze
. . - =
Uni Giessen ER s Crr——
________ Furth .N“"'befg Hauptstadt sines
- b srpfaiz
Heilbronn

Anchach Sch\\‘E\bach

FRANKREICH

Uni Mainz B.G.= Bergisch

Gladb
E/,M
— = Gelsenkirchen

1 Uni Wiirzburg
|

ZEISS Oberkochen

Lu. = Ludwigshafen
M. =Msaenchen

FZ Karlsruhe T

/‘C) STERREICH | LM-Uni Miinchen

0. = Oberhausen . Memmingsn | .. o
P. =Pirma 2 Igauf poo2esnchen e Einwohnerzahlen
I/?% Sch“enmngen Friedrichs- beurerf Rosenhieim <100 Tsd
. . _ = Recklinghausen|’ Qﬁjﬁonstanz hafen - Garmisch- 100-250 Tsd
Un' Fre|burg I/EO - gollngen REENE Kempten Patenkirch & 250500 Tsd
p- = opeyer Sogensea i
St. = Stade W 500Tsd-1 Mie.
SCHWEIZ =
Z. = Zweibriicken E =1Milien
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RAY users in Europe

MAX-lab

Extreme conditions
Science Center, Edinburgh

N

FMB-OXFORD

DIAMOND

Kings College

LURE L

SOLEIL
SLS/PSIT

ESRF

ICREA/ICFO

F. Schaefers
RAY @ @55Y

rokko

Anien

Uni Lun

ooooo

Feed |\
LNF/INFN

A

-Marind:

-, NgFosnien u

AL/

ELETTRA

Uni Turku

ol

g

umEnien

INT-Seminar

ﬁ HELMHOLTZ

ZENTRUM BERLIN

fir Materialien und Energie
|

Uni Petersburg

ra-| nien

Kurchatov
Inst. Moscow

Saudi- Arabien
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RAY users worldwide N 7 eLwnourz

ZENTRUM BERLIN
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Thanks for listening i
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fir Materialien und Energie

Examples

Illumination of a screen at 10 m behind a divergent source
Vertical intensity distribution of Synchrotron radiation
Illumination of a grazing incidence mirror
Focussing/demagnification of a point source by different mirror
types (CY, SP, TO, EL)

Effect of mirror slope errors on focussing

Effect of misalignment of optics on focussing

Wavelength response of a Mo/Si multilayer mirror
Energy-resolution of a plane grating monochromator

Crystal DCM throughput

Heatload on optics

see W.B. Peatman, Gratings, Mirrors and
Slits, Gordon & Breach, NY 1997

Sch
AY @ Coresy INT-Seminar 29. Juni 2011
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