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SIMULATION TOOLS:
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Luca Rebuffi, Manuel Sanchez del Rio, "OASYS (OrAnge SYnchrotron Suite): an open-source graphical environment for x-ray virtual experiments", Proc. SPIE 10388

Advances in Computational Methods for X-Ray Optics IV, 103880S (23 August 2017); doi: 10.1117/12.2274263

Rebuffi L. and Sanchez del Rio M., “ShadowOui: A new visual environment for X-ray optics and synchrotron beamline simulations”, J. Synchrotron Rad. 23 (2016)
pp. 1357-1367. doi: 10.1107/S1600577516013837
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INTRODUCTION

SIMULATI

ON TOOLS:

« SPECTRA (SOURCES ANALYSIS)

® © ® SPECTRA 10.0 - /Users/admin/Desktop/Lavoro/Shared/Proge

Accelerator Specification

Bunch Profile:  Gaussian

Storage Ring

&) njection Condition:

Electron Energy (GeV) 8

ra 2.0/Simulations-Elettra/XRD2/Spect...

Default

Energy Spread | 0,001

Average Current (mA) 100 By (m) 24 Oy
Circumference 1435 B, (m) 5.8 o
Bunches 2436 T (m) 0 e
O, (mm) 6 My (m) 0 Ty
Peak Current (A) 19.9333 7Y (mrad) 0.0638749
Natural Emittance (m.rad) | 5.9e-9 Oy (mm)  0.3757 O (mrad)
Coupling Constant 0.003 :{,(mm) o010z :5 e
& (mrad) 5882e-00 &, (m.rad) 1.765e-11 x 02451 Y
Light Source Description
Linear Undulator
Link Gap & Field O, (mm)  2.198e-03 Op (mrad)
Segmented Undulator Z,(mm) 03757 Z, (mrad)
Special Magnet Setup Z,(mm) 0.01035 Z,; (mrad)
Gap Value 20 Eg(peak:eV) 14525
B(T) 0.26105 :“&‘peak:ev) :31?35': -
S 1st . e+
Periodic Length (cm| 3
gth (em) |32 Brilliance st 4.74079e+19
Total Length (m) 45 Peak Brilliance 1.85688e+21
Number of Periods 140 Bose Degeneracy 0.0004778
K Value 0.78 Total Power (kW)  1.23622
EqstleV) 14562.7
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0.01566
1.744e-03
0.02731

3.083e-03
0.01596
3.542e-03

PLOT: /Users/admin/Desktop/test

T T T
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4e+13— —
0— k—/\ J |
| | | | |
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Energy
[ JoN ] Energy Dependence - Partial Flux
Observation
~ Observation Point in Angle Numerical Conditions
Distance from the Source (m) 30 _| Zero Emittance
Initial Energy (eV) 5000 Zero E-spread .
Final Energy (eV) 50000 G | =
Energy Pitch (eV) 5 Output File Settings
Xsit () 0 Print Header
Ysit (mm) 0 Print Unit
E1st@x.yslit(eV) 14562.7 Suffix | oo
Ax (mm) 06
Ay (mm) 03
= Flux (photons/sec/0.1%B.W.)
Easy Calc. >| -1 &V | PLstis0)
Auto Pitch: Rel. Difference 0.5 PC(s3/s0)
Filtering Generic Filter <
| Convolution
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Trieste
SIMULATION TOOLS WITH COHERENCE:

- SHADOW (RAY-TRACING)
- SRW (WAVEFRONT PROPAGATION)
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INTEROPERABILITY!!!

Luca Rebuffi, Manuel Sanchez del Rio, "Interoperability and complementarity of simulation tools for beamline design in the OASYS environment", Proc. SPIE 10388, Advances
in Computational Methods for X-Ray Optics 1V, 1038808 (23 August 2017); doi: 10.1117/12.2274232
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2. Hard X-ray Beamlines
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XRD1

XRD1 @ ELETTRA
WIGGLER SOURCE (W14):
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XRD1

Effective Source Size

Info
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electron beam,
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"| parallel cones of light
are resolved with a
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XRD1

Effect on the INSTRUMENTAL PROFILE:

Simulated LaB6 Diffraction Signal at 13
KeV (Ray-Tracing)

Diffraction Ring: upper area

Diffraction Ring: left area
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plane

The diffraction pattern has a
different shape along a horizontal

of the pattern respect to the one it
has in the corresponding vertical

center

Intensity (arbitrary units)

20

0
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Rebuffi L., Sanchez del Rio M., Busetto E. and Scardi P., “Understanding the instrumental profile of synchrotron radiation X-ray powder diffraction beamlines”, J. Synchrotron
Rad. 24 (2017), pp. 622-635. doi: 10.1107/S1600577517005434
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Different solutions with a
Sincratrone XRD1 shorter period (10 and 8 cm)
Trieste has been studied
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Flux from Front-End Mask: 1.5 x 0.182 mrad

Flux form Mask (ph/s/0.1%BW)

FLUX FROM MASK
1.5 x 0.182 mrad

s Elettra 1.0 - W14 (XOPPY)
—--- Elettra 2.0 - W14
10" — Elettra 2.0 W10
---- Elettra 2.0 - W8sc
10" N 211 R T
10° 10° 10*
Energy (eV)
Period (cm) | Nr. Periods B (T) K Total Power (W)
Elettra 1.0 (W14) 14.0 29 1.6 21.0 654
Elettra 2.0 (W14) 14.0 29 1.6 21.0 818
Elettra 2.0 (W10) 10.0 41 14 13.08 1003
Elettra 2.0 (W8sc) 8.0 51 2.0 14.94 1785
Flux at sample (phl/s) \
Elettra 1.0 (W14) 1.09e+12
Flux at Sample at 13 KeV | pregesgowia YRYITAV) COULD BE
(XOPPY + SHADOWOUI) | IEretira 2.0 (W10) 7296+ 12 CRITICALI!
Elettra 2.0 (W8sc) 6.67e+12
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XRD2 @ ELETTRA

PROTEIN
CRYSTALLOGRAPHY

SUPER-CONDUCTING WIGGLER SOURCE:
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» N Periods =24.5
e« K=20.92

c [ \ Beam — Input Befm / %\ Beam - Input Beam / = H
@ N 3
3 % ® 8 /K / \ &
a & e ; g Spot at Sample (1)
£ DCM2 (“7 & | Toroidal Mirror Pinehole 31 po p
t ~ 8 —
t)) Beam ”@ﬂ m/ g eam — Input Beal .§? 3 'z
e S
/J %, ,{ s \%
% i ; ;
SCW Elettra 2.0 % 1
%SRnerical Mirror DCM 1 P xoppy_data - in_object 1 ﬁ
D, © )
A Energy )
; % 2
h)) &\ % SCW E2.0 Flux at Saple
f\h\ X
SCW Elettra 1.0 % f’\)\ y
% o =)
b)
Height Profile % ~
Simulator Height Profile
Simulator SCWE1.0

PHANGS Workshop - ICTP - Trieste (IT) Luca Rebuffi — 5 December 2017 | 13




Elettra
Sincrotrone
Trieste

XRD2

SCW source doesn’t show any
issue in terms of shape, when
running in Elettra 2.0

Effective Source Size

Beam size at the sample

Elettra 2.0 SCW
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Trieste

q e | XRD2 BENCHMARKI
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| XRD? BENCHMARK!
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Total Lost Rays 0

FWHM X [um] 278.4251
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Elettra M CX

Sincrotrone
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Sincrotrone

MCX .

X == Elettra 1.0 -
Trieste

q 4 = T ——— —=— Elettra 2.0 - W14
10 === Elettra 2.0 - W10

....... \ -=+=- Elettra 2.0 - W8sc
T —- Elettra 2.0 - SuperBM

FLUX FROM MASK
2.0 x 0.18 mrad

(XOPPY)

Flux from Mask (ph/s/0.1%BW)

T T
2 3

10° . 10
Period (cm) | Nr. Periods B (T) K Total Power (W)
Elettra 1.0 (BM) 1.2 11
Elettra 2.0 (miniW14) 14.0 7 20 26.15 319
Elettra 2.0 (miniW10) 10.0 10 1.4 13.08 315
Elettra 2.0 (miniW8sc) 8.0 12 2.0 14.94 543
Elettra 2.0 (superBM) 35 40
Flux at sample (phls)

(XO PPY Elettra 1.0 (BM) 1.93e+11 3.11e+09 1.27e+09

Elettra 2.0 (miniW14) 1.49¢e+13 I.11e+12 6.58e+11

+ Elettra 2.0 (miniW10) 809e+12 7 T6e+11 TOTe+11

SHADOWOUI) Flettra 2.0 (miniW3sc) 2.50e+13 T.82¢+12 T.09¢+12

Elettra 2.0 (superBM) 2.26e+12 4.55e+11 3.50e+11

PHANGS Workshop - ICTP - Trieste (I1)
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Effective Source Size

Beam size at the sample

o o
x[p]x]e v B & ]
xX[pfsle v m s = =] s
Total Rays 1000000 Yz Total Rays (1000000
Total Good Rays (719752 . Total Good Rays (910526
Total Lost Rays (280248 Total Lost Rays (89474
E FWHM X [um] 310.0000 FWHM X [um] (3300000
FWHM Z [um] 50.0000 FWHM Z [um] [140.0000
— 0200800600800BB000 —400 200 0 (200 GO EDLOAZAGD00
) Frequency X [pm] Frequency
Q 6000
20000
et 5000
> 15000 2 4000
2 § 10000 . § 3000 — —
H £ 2000 T
¥ 000 g 2000
o o
o
o ~ s
O Intensity 1000000.000 ° Intensity
Total Rays 1000000 Total Rays 1000000
i Total Good Rays (1000000 Total Good Rays (929643
ToalLostRays (o TotalLostRays (70387
FWHM X [um] 300.0000 FWHM X [um] 290.0000
FWHM Z(um) (300000 ]
r FWHM Z[um]  [10.0000 iy
) i
(@\] 0T00SEDEBREEBE00C =a00 =200 0 ED
Fequency Xty Fequency
] a00
- 2 600
+ §
[«F) g oo
— £ 200
] o
r Info ~ Info
< Jdy. & B w <e dy & M e
. @@ B sty e X e vy sty e
= Total Rays 1000000 = Total Rays 1000000
X B B X Bvi &
Total Good Rays Total Good Rays 881437
Total Lost Rays X, Z Total Lost Rays 118563
FWHM X [um] FWHM X [um] 10.0000
FWHM Z [um] FWHM Z [um] 130.0000

Elettra 2.0 superBM

Zimy

~100@00B00800600000
X [um] Frequency

400000

300000

200000

100000

X [pm]

5000 100001500
Frequency
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PERFORMANCES:

(SHADOWOUI
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PHANGS Workshop - ICTP - Trieste (IT)

Luca Rebuffi — 5 December 2017 | 19




Elettra M CX
Sincrotrone
Trieste

MCX INTEGRATES SIGNAL IN THE HORIZONTAL DIRECTION:

NO EFFECTS ON THE INSTRUMENTAL PROFILE FUNCTION

0.055 —
—— FWHM(2th) Elettra 1.0 - BM
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S 0035+
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=
[T

0.030

0.025 —
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0.015 - 1 1 1 1 I 1 1 T 1

20 30 40 50 60 70 80 90 100
2Theta (deg)
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MXRD @ ELETTRA 2.0

e | UXRD (NEW)

IN-VACUUM UNDULATOR SOURCE:
« K=1.5(gap =6 mm)

* Period =0.02m
ﬂ * N Periods =75

FOCUSING MIRRORS

KB2
PRE-FOCUSING MIRROR

&y v WORKING ENERGY: 4-10 keV
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~ 7
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uXRD (NEW

SOURCE DESIGN (SRW):

FRONT END MASK 0.1 x 0.1 mrad

5t Harmonic (4469 eV)

7t Harmonic (6256 eV)

9t Harmonic (8044 eV)

Elettra SRW; E=4468.87 eV 1e15 Elettra SRW; E=6256.41 eV 1le15 Elettra SRW; E=8043.96 eV lel4
{3.438 1879 49.643
0.4 - 0.4 _ 0.4 -
3.056 {1670 18.572
2674 1461 7.500
0.2 02 0.2
2.292 1.253 6.429
—_ E 1.044 x E
E . E .357
£ 00 19105 E 0.0 5 E oo 5.35 5
E = S = [
> 1528 0835 > 4.286
~ 0.626
—0.2 1146 0.2 —0.2 13.214
—0.418 -
0.764 B 142.143
B -04 1—{0.209 -
-0.4 —0.382 - -0.4 —1.071
m J0.000 u
LJ0.000 -0.4 -0.2 0.0 0.2 04 LJ0.000
-0.4 -0.2 0.0 02 0.4 H [mm] -0.4 -0.2 0.0 0.2 0.4
H [mm] H [mm]

Elettra SRW; E=4468.87 eV

Elettra SRW; E=6256.41 eV

3629143749033984.9¢
3225915p457421
282268794245029|

36
32

1983198p67226624,9¢

2419460p3915844
201623213586659
1613004p3257474
120977632928290
806548425991054

403320522699207
619407360.0

1762849p293978-
A 15425007915690f
132215175374028,
1101802§1591150!

Elettra SRW; E=8043.96 eV

b

64797440.00

886641
293539
700437
107335
514232
921130
3280284
7349262
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uXRD (NEW)

SOURCE DESIGN (SRW):
FRONT END MASK 0.1 x 0.1 mrad

TOTAL POWER: 41 W

Code SRW; Power density [W/mm~2]

39.5
39.0

38.5

-0.4 -0.2 0.0 0.2 0.4
H [mm]

PHANGS Workshop - ICTP - Trieste (IT)

41.46118

39

38.25095

Flux [ph/s/.1%bw/mm~2]

2.0

1.5 A

1.0 A

0.5 T

0.0

lel5

Flux vs E [ph/s/.1%bw/mm~2]

I AA/\,U,?AAA

2000 4000 6000 8000 10000
E

12000

SIMULATION ENERGY:

6256.41 eV (7t harmonic)
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q e | WXRD (NEW)
OPTICAL LAYOUT (SHADOWOQOUI)

TORUST1 KB2 Horizontally Focusing Mirror KB2 Vertically Focusing Mirror

Slope error rms in X direction: 2.000000 urad

Slope error rms in X direction: 0.136668 yrad Slope error rms in X direction: 0.123833 urad
Slope error rms in Y direction: 0.800000 urad Slope error rms in Y direction: 0.800000 urad

Slope error rms in Y direction: 1.551297 urad

REALISTIC

: OPTICS WITH

i SIMULATED

- HEIGHT ERROR
PROFILES

Realistic Optics ldeal Optics

— Info L ~ Info
X @ ivld @ Be Intensity 23646510 Xoeir@Gne S Side
l \ ‘ . W:\ﬁ Total Rays 200000 Total Rays 200000 .
Tota Good Rays 197808 Tota Good Rays (200000 SPOT AT SAM PLE
X, Z Total Lost Rays (2196 Total Lost Rays [0 -
FWHM X [um] 13.0000 FWHM X[um]  [17.0000
FWHM Z [um] 9.0000 FWHM Z [um] 1.0000

~15x10 pm

-

e

Z [pm]

FLUX AT SAMPLE:

020000060080QM000
Frequency

0 500100050@00@2500
Frequency

~ 8.0e+12 ph/s
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2. Soft X-ray Beamlines
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q “w. | Nanospectroscopy

ELLIPTICAL UNDULATOR EU10.0:
e Period =10 cm

e N Periods =20 + 20
e Kmax=9.55 monochromator

VLS grating

l

XPEEM & LEEM

refocusing
mirrors

entrance slits

specimen
(SPELEEM)

pinhole

undulatorswith  (double slit)
modulation

exit slit

"~ monochromator

remirror

ULl UL2  PH HoS  MP ExS VR HR
~ | L Ll Ll | L]
Source  O——O0O i I I — | ———O
™  VeS MG SPELEEM
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q “wiwe | Nanospectroscopy

Electron beam

Present Elettra (2GeV) vs Elettra 2.0 4-BA and Elettra 2.0 6-BA

~-beem emivenc: | I I

reduction: e(nmrad) 7

‘ Smaller electron source size and divergence
(center of the long straight section):

Oy (um)

o, (um) 18 S 3
o (urad) 29 9 5
o ,(urad) 5 2 1
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Brilliance - EU10.0 (Horizontal polarization)

Elettra

Sincrotrone

Trieste

Nanospectroscopy

( SPECTRA & )

Present Elettra (2GeV) vs Elettra 2.0 4-BA and Elettra 2.0 6-BA

1 020 400 eV 800 eV
. . 200 eV 18x 28x 1000 ¢V
] Peak brilliance , 12x i , 33x
n First, third, fifth harmonics at on axis resonance \\'
N H bummmmmy bt -l B
i — Elettra 2GeV, 310mA | + . /
3 —— Elettra 2.0, 4-BA, 400mA . ;
] — Elettra 2.0, 6-BA, 400mA -2 \
= 9 5 °
1 D\
S : Y
— - . "
o 4 : .+ [1000 eV
C\l\ 20eV . " 18x
= v
3 Y vy
cxlg : 3 o
: H [N
E 10"+ | | N B -
= . ' : : 1t "
~ I ! 0 ==
& : 1 i ‘i " .-
< ] ; | | AN N
o E 5 ! ! AT -
(D) ; / i ! ! A U T e
Q ] ‘ 1 1 [ . .
= 1 = j ; i ViR oy
< g . . [ = an
o p— ] I I I [y - .
= 17 / . i I n
E 10 = Po3  harmonics : i i Vg ' -
3 ] _— ' ! T B
] ' : ! i "
] / e ! i i ' i voon
. ™ harmonics 20eV : : : ll E ==
E 3 : : ] o
] X 1 ! ! 1 a -
E ; | | A -
: i ! ! i -
16 : ; i i HH o
10 T T USRS LR B S RS LAY T TTITTe URRARRLALLY LR | LA LAY = 1 '“'
7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 8 9
10 100 1000
Photon energy (eV)
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Photon source spatial size - EU10.0 (Horizontal polarization)
Present Elettra (2GeV) vs Elettra 2.0 4-BA and Elettra 2.0 6-BA

- 100 x10° = . ol
—\ ] Spatial vertical size o,
250 x10° " ] First, third, fifth harmonics
. Spatial horizontal size o, . 10eV
B First, third, fifth harmonics 1 .
4 — photon beam zero emittance
i = photon beam zero emittance 80
200 : === photon beam Elettra 2.0 6-BA
| — photon beam Elettra 2.0 6-BA wno e electron beam Elettra2.0 6-BA
o electron beam Elettra 2.0 6-BA .
s =—— photon beam Elettra 2GeV
7 — photon beam Elettra 2GeV L electron beam Elettra 2GeV
1 electron beam Elettra 2GeV 60
150 4[10ev ] —— photon beam Elettra 2.0 4-BA
— 123 —— photon beam Elettra 2.0 4-BA s 4 electron beam Elettra 2.0 4-BA
% = V2 R electron beam Elettra 2.0 4-BA gq E
@) B 400eV 7
3.1 ;(')1()()0\’ 40 _:
100 4 | 400eV
¢ 7 1.7 1000eV
---------------- . 24
10eV R
2.7 4 ]
so f -------------- T 20
] 1000eV 3
i 4.5 ]
200 400 600 800 1000 1200 1400 1600 1800 200 400 600 800 1000 1200 1400 1600 1800
Photon energy (eV) Photon energy (eV)
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Photon source angular size - EU10.0 (Horizontal polarization)

Present Elettra (2GeV) vs Elettra 2.0 4-BA and Elettra 2.0 6-BA

Angular horizontal size oy
140 x10°° r First, third, fifth harmonics
—— photon beam Elettra 2GeV
nodlb mm electron beam Elettra 2GeV
—— photon beam Elettra 2.0 4-BA
wdat electron beam Elettra 2.0 4-BA
—— photon beam Elettra 2.0 6-BA
geodl @ 0 e electron beam Elettra 2.0 6-BA
g 400eV
g L7 —— photon beam zero emittance
60
1000eV
22
40
20
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

LI I LI I LI I LI I LI I LI I LI I LI I LI I T
200 400 600 800 1000 1200 1400 1600 1800
Photon energy (eV)
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140 x10°°

O (rad)

120

100

Angular vertical size o,
First, third, fifth harmonics

= photon beam Elettra 2GeV
wune electron beam Elettra 2GeV

- photon beam FElettra 2.0 4-BA
------ electron beam Elettra 2.0 4-BA

= photon beam Elettra 2.0 6-BA

80 uwune electron beam Elettra 2.0 6-BA

—— photon beam zero emittance

60

40

20

200 400 600 800 1000 1200 1400 1600 1800
Photon energy (eV)
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Case study: photon source 400eV - EU10.0 (Horizontal polar.)

‘natural’undulator
emission

o (um)
o, (urad) 20

=)

12

2, (um)
2, (um) 22
>’ (urad) 35

> (urad) 21

Oreduction factors

82 (3.1)¢ 57 (4.4)
13 (1.7) 13 (1.7)
23 (1.6) 21 (1.7)
21 (1) 21 (1)

In horizontal plane:
 Reduced source size (3.1; 4.4)
» Reduced divergence (1.6; 1.7)

In vertical plane:
 Reduced source size (1.7;1.7)
« Almost unchanged divergence

PHANGS Workshop - ICTP - Trieste (IT)
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q Siraons Nanospectroscopy

Raytracing at400ev (SHADOWOUI)

Present Elettra Elettra 2.0 4-BA Elettra 2.0 6-BA

Effective source at 400eV [reduction factors (h x v)]

X, Z

100

50

| @

-50

Zlpm]
Zlpm]

2.8x1.7 3.6x1.8

=160

~100 0 -
109000 —s00 0 o 1000 ~1000  —500 0 500 1000 1000 500 0 500 1000
X [pm] X [pm] X [pm]

479 pm * 50 um FWHM 171 pm * 30 um FWHM 132 pm * 28 um FWHM
Spot at the experiment, geometrical demagnifications 92 x 46
Z, X

10

10 Z X 10

5 5 5

o 0

X [pm]
X [pm]

0

X [pm]

-5 5 s

-10
-10 -5 0 5 10 -10 ~10

Z [um] -10 =5 0 5 10 -10 -5 0 5 10
Z [pm] Z [pm]

5.7 pm * 1.3 um FWHM 2.2 um * 1.2 um FWHM 1.7 pym * 1.2 pm FWHM

Present beamline but optical elements with enhanced surface quality requirements!
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q Siraons Nanospectroscopy

With “reasonable” optics,
source properties are carried

Raytracing at 400 ev (SHADOWOUI)

Simulated optical profiles with shape errors obtained reducing measured profiles:

Toroidal mirror VLS grating
5.7 urad x 0.7 prad RMS 6 prad x 0.5 prad RMS

2 nm x 9 nm RMS 4 nm x 3 nm RMS

100 mm x 10 mm

10

5

0

X [pm]

-5

-10
-10 =5 0 5 10

Z [pm]

5.7 um * 1.3 pm FWHM

Present Elettra
PHANGS Workshop - ICTP - Trieste (IT)

t1s

\

[ 10

[
h L

80 mm x 10 mm

Spot at the experiment [reduction factors (h x v)]

X [pm]

300 mm x 10 mm

2.2 um * 1.2 pum FWHM
Elettra 2.0 4-BA

VRM plane elliptical HRM plane elliptical

bendable mirror
2.6 prad x 0.1 prad RMS
2 nm x 1 nm RMS

bendable mirror
3.7 yrad x 0.1 yrad RMS
1 nm x 1 nm RMS

300 mm x 10 mm

-10
-10 -5 0 5 10

Z [pm]

1.7 pm * 1.2 pm FWHM

Elettra 2.0 6-BA
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q Siraons Nanospectroscopy

Phase Space volume - EU10.0 (Horizontal polarization)

Present Elettra (2GeV) vs Elettra 2.0 4-BA and Elettra 2.0 6-BA

Vertical phase space volume =2 Y ,Y"',

Horizontal phase space volume (m*rad)
Vertical phase space volume (m*rad)

2
Horizontal phase space volume =27 YY"y

9 First, third, fifth harmonics
N First, third, fifth harmonics 10757
107 3] = 2Elettra 2GeV

89 == Elettra 2GeV 7 == Elettra 2.0 4-BA

6] == Elettra 2.0 4-BA 69 === Elettra 2.0 6-BA

54 === Elettra 2.0 6-BA 5 = Diffraction limit

4 === Diffraction limit

891 2 304 5 6789l 2 304 56180l 891 2 3041 5 6789 2 3041 5 67890
10 100 1000 10 100 1000
Photon energy (eV) Photon energy (eV)

Elettra 2.0 4-BA and 6-BA: in vertical plane almost diffraction limited up to 1 keV
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q Siraons Nanospectroscopy

Coherent fraction - EU10.0 (Horizontal polarization)
Present Elettra (2GeV) vs Elettra 2.0 4-BA and Elettra 2.0 6-BA

1 p—
; Tee— 5]
1 —
o
54
= 7'5XII (L7x
|
3-\ \
& g
2} S
qg 0.1~ Lg 0.1u
5 R 5
L X 19}
b5) \‘ b5
S =
@] \ @)
N\ h fracti f th ical ph |
.| |Coherent fraction of the horizontal phase space volume N Coherent fraction of the vertical phase space volume
First, third, fifth harmonics First, third, fifth harmonics
— Elettra 2 GeV — Elettra 2 GeV
001 | == Elettra 2.0 4-BA 0014 = Elettra 2.0 4-BA
s1 | == Elettra 2.0 6-BA +] | = Elettra 2.0 6-BA
2]
891 2 304 05 618090 2 304 05 618090 501 2 304 5 6780970 2 304 5 671897
10 100 1000 10 100 1000
Photon energy (eV) Photon energy (eV)

Elettra 2.0 4-BA and 6-BA: in vertical plane almost diffraction limited up to 1 keV
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Present Elettra (2GeV)

750
500

— 250

€

=

A 0

o~

x

o)

=

-250
-500
—750

-750

=500 -250 0

(x14+x2)/2 [um]

250

(y1-y2)/2 [um]
o

—200

—400

—600

-600 —400 —200 0
(y1+4+y2)/2 [um]
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200

400

600

Nanospectroscopy

CALCULATION OF
COHERENCE LENGTH WITH

(TORUS POSITION )

Elettra 2.0 4-BA

Elettra 2.0 6-BA

HORIZONTAL DIRECTION

(x1-x2)/2 [um]
o

—250
-500
-750

—750

=500 -250 0

(x1+x2)/2 [um]

250 500 750

750
500

— 250

€

=

< 0

o~

x

o)

X

—-250

-500

-750

—750 -500 —250 0

(x1+x2)/2 [um]

250 500 750

VERTICAL DIRECTION

600

400

200

(y1l-y2)/2 [um]
o

—200

—400

—600

-600

-400 -200 0 200
(yl+y2)/2 [um]

400 600

(y1-y2)/2 [um]

—-600 —-400 —-200 0
(yl+y2)/2 [um]
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q Siraons Nanospectroscopy

INCREASED DEGREE OF COHERENCE

h NEED FOR WAVE OPTICS CALCULATIONS
ACCURATE CALCULATIONS WITH FULL || ACCURATE CALCULATIONS OF
AND PARTIAL COHERENCE RADIATION : SCATTERING OF COHERENT
LIGHT FROM MIRRORS + HEIGHT
SRW MULTI-ELECTRON ERROR PROFILES + u-ROUGHNESS:
(+ COMSYL) er

SRW:
2D HEIGHT ERROR PROFILE FOR TORUSES NOT YET IMPLEMENTED

COMSYL:
TO BE RELEASED SOON

WORK IN PROGRESS WISE:
WISE 2.0 (MULTI-REFLECTION) TO BE RELEASED SOON
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q o Nanospectroscopy BENCHMARKI

Trest WORK IN PROGRESS

INTENSITY AT TORUS HORIZONTAL FOCUS
SHADOWOUI & SRW — MULTI-ELECTRON

.ﬁi Present Elettra (2GeV) DIFFRACTION FROM
FRONT END MASK
EFFECTS

WORK IN PROGRESS

300

300

200 200

100
S 0
-100

—200

100

Y [um]

0

—-100

—-200

-300
—-300

—-300 -200 -100 0 100 200 300 0 1000 2000

100

'00 A

.00 4

.00 A

100 A

100 A

0.0 0.5

z [ﬂm] Frequency —-300 —-200 -100 X[Sm] 100 200 300
lel8
4000
> 1.0
;2000- S
)
0 1 —360 —500 —lbO 6 160 260 360
SRW WITH 1D ERROR PROFILE!M
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Nanospectroscopy BENCHMARK]
&) - WORKIN PROGRESS

INTENSITY AT TORUS HORIZONTAL FOCUS

wﬁi Elettra 2.0 4-BA

300 300 100 -
200 200 '00 4
100 100 .00 -
0 E 0 01
>
~100 100 .00
~200 200 100 -
300 100 -
-300 ; T T
-300 -200 -100 0 100 200 300 0 2000 4000 | .
Frequenc -300 —-200 -100 0 100 200 300 0 1
Z [um] q Y X [um] X
1lel8
.0000 4
3 -
5000 - d > 27
1 -
0
0 ~300 —200 ~100 0 100 200 300
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q i Nanospectroscopy BENCHMARKI

= | WORK IN PROGRESS

INTENSITY AT TORUS HORIZONTAL FOCUS

wﬁi Elettra 2.0 6-BA

300

200

100

0

-100

—-200

—-300
-3

300 100 4

200 '00 A

100 .00 A

Y [um]
o

-100 .00 A

—200 ‘00 A

-300 100 A

00 -200 -100 0 100 200 300 0 2000 4000

-300 —200 -100 0 100 200 300 0 1

Z [um] Frequency X [um] X

0000 A

5000 A

lel8
44
- >
24
0
T T T T T

lel8

-300 -200 -100 0 100 200 300
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Nanospectroscopy
&) -  WORK IN PROGRESS
WISE — progress bar

‘ﬁ' Github repository https://github.com/lucarebuffi/wiselib ~ Coded in Python 3.0
i OASYS download at https://www.elettra.trieste.it/oasys.htm e

WORK IN PROGRESS

Involved people: L. Raimondi, M. Manfredda, L. Rebuffi (Elettra), M.Sanchez Del Rio (ESRF)
In collaboration with D. Spiga (OAB)

o

. Propagator engine Propagator Engine
Huygens Integral jon FFT-based (WPA)
=

Done Planned

ig
ver
eirors
a ?Yt‘non

A
- o?""mﬂ

i@ xerne>
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Nanospectroscopy
WORK IN PROGRESS

HEW = Half-Energy width twice
the median value of the Point
Spread Function

PSF = the angular integral of the

HEW behavior {um)

Microroughness contribution to
dimension of the focal spot
depends with energy

t ' ' ' '

20r
T
= l.ar Nanospectrocopy
= |
wJ
T |
1.aF
.81
0.0 [Ls e
0.2 0.4 0,6 08 1,
Energy {KeV)

focused X-ray intensity around
the center of the focal spot

As the profile shows a distribution of
heights, it is possible to have a non-zero
constructive interference in other
directions than the ideal one: the
consequence is the scattering of the
beam and the reduction of reflectivity in
the ideal direction.

Scattering first order analysis®®

PSD powerlaw:  PSD(f) ~ K, f™
HEW Spot size formula:

|

HD) K, \n-1/sin@;\n-1
| A

(3) D. Spiga, A&A 468, 775 (2007)

PHANGS Workshop - ICTP - Trieste (IT)
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Thank you!
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