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- OPTIMISING BEAM ISSUES FOR THE BEAMLINES

Chain of instruments
Accessibility
Focal length { BEAMLINE

Hutch space LAYOUT
Radiation safety

Strategy for beam Undulator period, gap
Remaining Photon flux INSERTION \ Air/cryo in vac.
Coherence fraction DEVICE Length
Focus spot/ Sample Program of construction
Detector strategy Q X ray beam @ Synchronization of gap scan
Issues for
beamlines

AN

Optic scheme
Mirrors
Crystals
Power density
Deformations
3 Spectra/fi/tering The European Synchrotron | ES

The e beam/emittance issue
The Beta function
straight section — upstream/downstream
Min gap limitation
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BEAM .....SMALLER ...AND ...SMALLER

The electron emittance ellipse at the centre of straight section

= 36.492  8p/p=0.000

, Vi~ 19292 16 porous, G- 844" SR m|rrored cells Iattlce

4Oy Present SR low beta straight * —
/ (for wigglers) \ A B

401 | Jo.2

Present SR high beta straight
" (for undulators)
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H.Divergence;|—
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N
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: ve 75600 Spip=0.000

Vie 27600 16 periods, C 843992 EBS: single ceII Iattice
H. Size}m ) ;
EBS straight ? A %
D B
The new EBS source is a compromise to \‘ ‘I
smaller beam size.... ok / \
EBS orbit optimises the Hor emittance 2 b
low size s, low divergence s’ K | |
e gr (HV) = 4000/4 pm- rd]_ o 1InNg mag
Factor 1/30
€ ggs (HV) = 147/5 pm-rd
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- EBS — ESRF U18 2m @ 8 keV L=2m observed at 30m

The beam is a big change for Y2 ESRF beamlines (those with large divergence)

Simulation: CPMU 18 -4m — k1.68

1E+16

—EBS
—5R- High Beta
—5SR-Low Beta
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Photon flux [Ph/s/0.1%bw]
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High Beta U183 EBS
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Photon Energy [keV]
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EBS U18

SR-Peaks are not symmetric — off axis electron radiation....
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- TROUBLES WITH THE UNDULATOR PEAK

Example of a U22-90 periods-k=1.79 for SR and EBS HxV: 1x1 mm?

2 00E+15
1.75E+15
EBS 15t peak -
150E+15%
E}
2
& 1.25E+15
e
= SR: Very big influence
5 1.00E+15 .
& of these off-axis photons
2 Inside the central cone
= 7.50E+14 @: small
5.00E+14
2 50E+14
0.00E+00
50 5.1 5.2 5.3 5.4 55 56 5.7 5.8 59
First peak energy [keV)
h 2
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ph 14
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EBS: “Less” off axis radiation

s
assansin

D

Observer

| —— SR High Beta

Insertion device Rad.la'.uon Primary
Magnet array Emission Slit
SR Low Beta cone Aperture
6.0 6.1 6.2 0.3 6.4 6.5
i Out of axis where g, = € wavelength Iph extends a little = lower energies
Y Lorentz factor
+ yz 65) K deflection parameter A. Hofmann, The Physics of synchrotron radiation

K. Wille, JUAS Lecture - Synchrotron Radiation

On axis q,=0 5 i
ESRF
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- GENERAL TREND FOR UPGRADES TO OPTIMIZING COHERENCE (SR CASE)

The transverse coherence issue: most of the coherent imaging mode

SI PARIS

2018

Dq
_ ] Interferential
Coherent source: plane waves from e Imaging
% } H J l ‘Beamline length: Lg; ! area= focus size
Beamsize cinusoid | - Dg — || coh
° g T |
I
Wave peaks
Multi-modal imaging: Coherence length
o Absorption contrast imaging (Tomography) With two BL lengths
: 50m and 150m
o Transmission Microscopy (zone plate /KB focusing) ) 1
o Phase contrast imaging e _ |
o Coherent diffraction imaging f‘A‘FI)IhOf them ?xplto 't'?g |nt?,rferences. \
o Holography ase contrast retrieva \
o Ptychography N _
_J High energy coherence length
L_,m{z_,.hzlso}-[mnl \,: - E—
Lo(Ege, 50)-[um] 1 . -
1L Lqon: Coherence length — - ~ 1501m
_ BL s: source size \‘\ IS bl
coh — . - —
2s A: Photon wavelength
Lg; beamline length 50 m
-\1""‘"--._
— |




- STORAGE RING : KEEPING HIGHER DEGREE OF COHERENCE

Coherent source: plane waves from e- Optics Degraded plane wave
Beam size | ] ] ) >>>> Da.

Surface defaults
loosing

Severe limitation

Gaussian photon beam The best is when e- emittance < photon emittance

emittance
A

€, = —
Y 4

1107 0.08

EBS - Horizontal e- emittance

100 -

Photon emittance

0.05
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Syart_ sfectre | PI]

0.03

SHoe_siscwrcer [ PIE]

Coherent Fraction

0.0

— 2 2
€rms = \/ePolishing + €Thermal

Smaller

Wave péaks

Smooth figuring

Theoretically partial Hor coherence should be ~10% beam

h L
p 0.07

0.06
0.04

0.02

0.01

7.02 %

New Source

™~

Present source
0.38 % 0.34 %

Low Beta High Beta EBS

The European Synchrotron | E



DIFFRACTION CONTRAST TOMOGRAPHY AND MECHANICAL ENGINEERING !

M SI PARIS

2018

LAUE spots at the CRL focus: monochromatic grains

Mono-crystals

Randomly oriented
—— They are weakly

deformed

J

Dynamic recrystallization
Due to quick deform. (2 s)
Fast warm-up (400°C?)
We inquire !

Design of machine with
Controlled velocity

focus center

100 um

Absorption CT of punched Al lens DCT reconstruction

“Adiabatic “deformation

. L At present 10 sec. deformation
2 sec. “smooth punch

ESRF In-house CRL

Parabola Radius b,
200um web:15 um Imaging at ESRF-ID11 — 10 KeV Ly, =130 m - courtesy Wolfgang Ludwig-ESRF/MATEIS-INSA S
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- A LEAKY BPM BUTTON TOMOGRAPHY

Tomography of a leaky
BPM button performed at the ESRF
Courtesy Paul Tafforeau ID19

(1 night scan — 20 buttons)
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- A WHITE BEAM CALCULATION PROCESS WITH BEAMLINE SCIENTISTS

1

Beamline scientific
program

s

( )
Beamline strategic energies
and modes
Beamline optical scheme

Layout (distances), types ...

\ J

ID group proposal
And program-
Time schedule

2.5
2.0
Z 15+
1.0 1

0.5 4

Brilliance (ph/s/mrad~2/mm~™2/0.1%bw)

1021

1020

Undulator known

E; check

El_Ez...Eph “St%

K computing

\ Harmonic evaluatiory

max Ky
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Power evaluation

Spectrum filtering

< K parameter
\\ \\\\\ Calculation
N I~
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e

1 T T T T T T
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l\l \\ \'\\ p .
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! \ N . :
\ \ And crystal distortion
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\ J

~

Full beamline Model
Beam quality Analysis
Experiment testing
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SMALLER STRAIGHT SECTION — LESS FLEXIBILITY FOR UNDULATOR PLACE

15/2/2018: BL global
BL thermal issue

U source-2017

upstream  waist downstream
UPBLO1  IDOL u3s UR27/35 uz27
1D03 u3s u3s u32
Low Beta UPBL9B  1DO9 uz7 V17
(large divergence) Ib11 Ivis a2
ID13 u3s 1vis
phase 1Ref  ID15 IV22-2.0  1V20-2.0
ID17 W125 w150
ID19 UR13/32 W150  UR17.6/32
phase 1Ref  1D21 u32 uaz u42
D23 | U20.2-1.6  U35-1.63
D27 V23 V23
D29 u3s 21
BL with bigger change UPBLOZ  ID31 Ivia.2
BL W|th |esser Change UPBLO9A 1002 U3s U21.4 U214
ID0G vis u27 Extended
D08 .
phase 1Ref  1D10 u3s UR27/35 uz7 Stra'ght
D12 Hu42 Hus2 U3g section
. D14
High Beta UPBLO4 ID16A |UR22.4/18.3 UR22.4/18.3
(small divergence) UPBLO4  ID16B V26
ID18 URZ7/20  UR27/20  UR27/20
UPBLO6  1D20 u26 UR32/26  UR32/26  UR26/32
D22 UR19/35 u23
) UPBLI1  ID24 uz7 u27 UR27/32 U3z
Present machine: ID26 uss U3s UR27/25
. . Tre e o ORI ORI UR32/A7.6
6m stra/ght section UPBLIO  1D30 U212 U212 u3s U3s
UPBLO7 ID32 | HUSS-1.6 HUSS-1.6  HUBSS-2.5
BM23 | std dipole 0.9 mrd
BM18
CRGs

U source-2020 plan

SIpPiRIS

2018

FDES! s
UIHAENT AND INSTRUMENTATION

x30 Brilliance with
New source

New U source policy-2023

. (length ~beta :5.2m)
BL policy

With review

panel CPMU18 4m-IV

CPMU14 4m-IV
U35 4.8m

U42 3.2m
HU88 4m
W150 1.6m

}Canting becomes more difficult

(ES] UR27/35 uz27
U3s U35 U3z
uz27 V17
V18 Ivaz2
(ES] V18
IV18-1.5 IV76-0.45 U20-2
W125 W10
UR13/32 W150 UR17.6/32
u27? U4z U4z
U20.2-1.6  U35-1.63
V23 V23
U3s Iv21
v14.2
(ES] U214 U214
V18 uz27
(ES] UR27/35 uz27
Hu42 HU52 u3g
u22.4-2.3 U18.3-2.3
u26-2.0
UR27/20 UR27/20 UR27/20
UR32/26 UR32/26 = UR26/32
UR19/35 uz23
uz27 uz27 UR27/32
(ES] U35 UR27/35
UR32/17.6 UR32/17.6UR32/17.6
U21.21 U3sL
HUBEL-2.1 HUB8-2.5
new dipole

3PW-106-g17.5-1.75 mrad

Next EBS
5,5 m straight section
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OASYS ...A SIMULATION TOOL FOR A FULL BEAMLINE

IDESH
ENT AND INSTRUMENTATION

OASYS : OrAnge SYnchrotron Suite -3 Collection of module automatically linked
Orange: data software SRW, SHADOW, XOP, COMSYL,Wolfry

Ljublijana university . . .
Designed by Manuel Sanchez del rio, esrRF and Luca Rebuffi, ELETTRA

http://www.elettra.eu/oasys.html

File Edit View Widget Options Help Shadow Tools

Wofry Wavefront Propagation |~ ESRF - ID24 - Dispersive XAFS beamline- example

Shadow PreProcessor
Shadow Experiments
Shadow Loop Management
Shadow Utility

SRW Light Sources

SRW Optical Elements
SRW Tools

FHLisNg

SRW Wofry
}." KOPPY Sources

=) =) =

Undul
Undul.. Undul.. Ragiat. Tc
Spectr... Power...

© al)) a2)) = 5\)
TESUT - wIGG. . ws BM

Tube w  Black
Tubes  Tube W  GR

XOPPY Optics
Wl COMSYL

Do# T 2N - §
hﬂi@@@

13

Below the same beamline with sl

a““”rDa N?: EE%
P'epﬂc H

o Ellipsoid Crystal Paly
2
P”Epm £ Plot XY Sample (1)
ﬁ T, 0
E O,
ep
Bragy 006,
o of

A\
- '”d} Ellipsoid Crystal Poly @
an ey

»

\‘Irh* 4 &
Ellipsoid Mirror MH1L

% Beat — Input Beam § Beam - Input Begm
- - E‘%m l“

Ellipsoid Mirrar My2 \

| 824 - Input Be3 am — inpk Bearn, | %
\ K —| 2 "% \rF'”l Info (1)

Ellipsoid Mirror Poly
»
7 ) i
»
Height Profy
Situlatol Plot XY Sample

Loop Point
f\)’\ Interpied by user

h Plat XV Detector

7% Wolry Beamline Elements
@
@ Wofry Tools F‘“
n
))) Shadow Sources ,Eﬁam/‘ Infa
== Shadow Optical Elements e | € \Beam - Input Beam | E Seam .
. NP S S "Put g,
& Shadow Compound Optical... ?ﬂ A — Input B §ay 8 Beam - Input Beafy “am - Input Bedr € gea™ d%“ gl “
@ Shadow Special Elements = < = % Feay, Ellipsoid Mirror Poly Ellipsaid Mirror MY2 J | d |
8 "ds H‘"F‘u‘ N Plot X Detector ea
Shadow PostProcessor Screen 27 m Ellipsoit Mirror MH1L By 41 rhi
& :

Beamline
model

Real model with
Optics
Disturbance
simulations
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ene SYNED Undulator Light Source

e a—

Reset Fields .
Spectral analysis
| Lt Soure Sattng |
Read/Write File /
NE— Spectral Power
Read Syned File Wite Syned File 207
Light Source Name ESRF_ID09_EBS_ppu27_13
Electron BearvMachine Parameters P /
o ' , POWER
oS fpe— g ~_Undulator Spectrum -
e 2 210 NS -7 [oe 2] Reflectivity-s
Electron Beam Properties From Size/Divergence ~ & ~o = . a
e e S P - Energy propagation
Vertical Beam Size [m] 3.636410-06 5‘-, o B
Horizontal Beam Divergence [rad] 4.368210-06 ana|y5|5 08
Vertical Beam Divergence [rad] 1.374980-06
— Code SRW; Power density [W/mm~2] w
Zo6
1D Parameters 10000 20000 30000 40000 50000 2 i+
Horizontal K 0.0 Energy [eV] %
Vertical K 1.40 'E 0.4
Period Length [m] 0.027 1 3
Number of Periods 59 -
E 02
=) . &

10000 20000 30000

Photon Energy [eV]

40000 50000

Undulator Power -
Density

[
H [mm]

SYNED Undulator
Light Source

Spatial distribution analysis
2 eiv® BRe — | \ «wi [3F

Image z=6131.58

OASYS : OrAnge SYnchrotron Suite

1.40e+15

@@

K strategy analysis

£
-0.5 Sos14.
Brillance Undulator Radiaton = POWERS3D
5 10 Undulator peaks
é H(mmi R
B ri | | i a n Ce E Axes selection: (5 Dim1-Dim2 ~ | Image index (Dim0): i4| «4[10 iimits:0,19 » | B s-polarized reflectivity

fE;‘ 10 :;:’
: Tuning curves "

Orange: data software Ny -

Ljublijana university ° Whoo e wow a0 sao :

Energy [KeV]
14 TC -100 50

Y, »pean Synchrotron | ESRF

0 50 100
Th-ThB{in} [micro rads]

CRYSTAL



KB shape error

HARD X-RAY NANO-FOCUSING BEAMLINE @ LOW EMITTANCE STORAGE RING

el
a
Ry
§
»
1]
(]

&

W A%\ J
' 3
g

Y
2
o
~
B AR £ SRW
$ [}
© . & Height Profile 2 ) ) }
© | Effective Size & Simulator Height Profile | |
3 o
= Height Profile’ & ! Simulator | &
‘;; Sggulator / ¢ Yy )
[ 2 $ y
$ | &\ SR 8 " g
< ~«‘)) SRWData = SR Da?? % WData = SRWData E SRWData = snwm& % oF
N 1% | E\ SRWData
& e o 2 KB-V o i
& Elliptical Mirror Aperture 40m Screen KBv size » 2 o®
S
&
KB-H Focal Spot

SRW Undulator EBS ML size

Info

eo0e Height Profile Simulator [ | X £ Jy @ =
Total 1.367e+23
e el i X direct o
Slope error rms in X direction: 0.225826 urad : - FWHM X [um] 0.0307
= Slope error rms in Y direction: 0.175023 urad 0 . -
Outpty[{se otihe Widger Figure error rms in X direction: 0.291818 nm IntenSIty SE [ph/S/.l Abw/rpn“ 4 FWHM Y [um] 0.0265
Width Figure error rms in Y direction: 1.172533 nm
Calculation Parameters
Kind of Profile User File  ~ 0.2 + )
2 -
1D Profile File Name mirror1_LTP.dat =
1 5 0.0 - 8
Fields delimiter Spaces =
Conversion from file 10 0
to meters (Abscissa) - Y 'E -0.2 1 -
Conversion from file 7 £
to meters (Height Profile Values) - 2 N
Center Profile in the middle of O.E. Yes v T T T T T T T T
’ = -06 -04 -0.2 00 02 04 06 0 2 -
Modify Length? No -
4 V Fimal Cramiiancy 1821
le22
=B 0.8
Renormalize to different RMS No ~ 5, 0.6 1
2
2 0.4 1 %
g
X[m; 0.002 2021
] 0.004 5tE —0.06 [y
0.0 1
T T T T T T T
The European Synchrotron | ESRF
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Outputs
Output File Name | mirror1_SRW.dat




OASYS as a global tool

>
? § E
E § /’\*\ S /’\*\ é?
§) e e (£ ogeane |5 op
% H%i‘,g:,{]gg','b bf" | 5‘) Simulator ?g p/an ment
& $ J
R y)) | srwoata = SRWDa?(?b % SRWData = SRWData E SRWData = snwoag % ‘g
> g &/N
SRW Undulator EBS P & eviptcal Miror Aperture 40m Seeen B dits g &y §% % SRWData E
A—J A—m]H )
4> 4P
Propagation analysis KB focusing Virtual
simulation  experiment

White beam
Analysis Optical quality
“Power issue” With shadow tool

stibility Wit
orms
flous p\a’tf @
Deformed 6
Operated at the beamline

va

v

Comsol
server
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- FEA ANALYSIS OF OPTICS: A LIVE SYSTEM Sl PLRIS

2018
Ideal OASYS ¢
i Area of FEA analysis
Beamline Shadow y
Model
comsol Ansys Deformed optic OASYS
New surfaces
\/ Shadow
_ Real
Science j¢——— —of fEA Optics-FEA Beamline
OASYS Eng Models
A . Model
White -
Real polishe i .
| beam surfaces 192 mi/BnA
v ﬁi\* Comsol
Optics —»  Application < |
ID’s Builder-network oo

On live change.... June 2018:
New Topping up mode

7/8+1 > reduction 25% vertical divergence
@30 m: Vsize:1.6mm = 1.2 mm
@ primary slit

Operated

By
Science
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LAUE MONOCHROMATOR FOR HIGH ENERGY BEAMLINE

Computing X-ray beam attenuation for high energy BL (ID11 — pink beam)

From U22-k:1.798 Attenuatorseries  P_abs T-Att Crystal layers P_abs Si_temp slope_Error ratio 00051 ——seriesaf SIC st nuDiors

Std_Dev  slope/abs_power | | | | ——above shifted

w °C w °C prd prdw [ L e e EXp|0Itlng new
P_inc= B85.85 Sic 4 57.3 308 Si 0.05 0.0096 000905 1 1 § .
sc o 12 S o1 oows rsoarsnns | SiC wafer substrates
sic 8 7.36 si 0.1 | 0.01902 ’ ’ - |
A = - e I | | 4H and 6H lamellar crystals
absorbed power:  82.63 Total absorbed power: 0.06667 ; . | arran ement
P_transmitted:  3.22 P_transmitted: 3.15333 thermal : Si [111] g
From U22-k:1.798 Attenuator series  P_abs Crystal layers P_abs Si_temp slope_Error I i ' DefO r m e d
Std_D 1 Slope § 0.00895 1 1 ! |
" w “c u_rdev . .,.ul?w si -~ shape| Ingot supply from NORSTEL
P_inc= B85.85 Sic 2 46.7 Si 0.05 0.0371 1 H H
R S o oomm . ! ! Thick blocks machined at the ESRF
4 7.78 Si 0.1 0.07298 I

Diamond milling

sic | |
Attenuator / sic a a5 si 01 | 0.07223 _ j j j ool el vdosk

H absorbed power: .05 Total absorbed power: 0.25602 |
Materjials P ° ososss |

P_transmitted: 9.54338 0.00 0.05 010 015 0.20 05 030 035
wertical position [mm)

rystal layers P_abs Si_temp slope_Error ratio
Std_Dev  slope/abs_power

w *C prd prdw

0.056

From U22-k:1.798

e

P_inc= 85.85

U22 CPMU K:1.798

41
Absorbed
power
ID11- Attenuation stack
for small thermal slope
Crystal error (250 nrad)
attenuation
Absorbed Crystal
Power Warm-up
In crystal
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- MIRROR DEFORMATION UNDER HEATLOAD

. > 2.5 7.2 4 2.1 10
Bea m l Ine — Energy (KeV) > S K-edge Fe K-edge Ca K-edge P K-edge Zn K-edge
choice rms thermal slope
SR: slope error nrad 9 3 7 9 14 SR/EBS % keeping
EBS:slope error nrad 12 64 16 13 357 .
comparison
i 1D21 MO-2 Vertical displacement - SR
- T | ==
Vertical BE] e
deform
[um] | 5
55
E.z 1 54. i
% gsvs
5 §
E ; Esa- i
2" Different shape...but o [
} only one will be i
optimized Sus-
sk 48
- 49
-EO 25 SIO 7“5 1(IJO 125 1;0 1;5 2(|)0 225 250 "3 18
Position on x axis {(mm) B
Mirror length [mm] - [ ey
X position {mm) 3 z position (mm)

White beam mirror meridian centerline
Smoothened surface sent to OASYS
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- SOURCE POINT: WHERE IS MY BENDING MAGNET ???7?

W T T T T T T T T T T T T T T T T T T T T T T | 0.1

- - . . — — 4,
1\ Specific bending "\ E
i / \ Magnet source here / \ wi =
E1of / : \ e \ J0.05 9
= f i i \ ] @
A N ] a
r F, ™\ ~\ d N . 1 8
E e 23 \ ,f \ 4 N / \\\ y // / \ / o W =

- b= D, = m|

ok 8 ) 0 0w ]

0 58 55 2 2 a o
58 3 £ g :

E——

0 0.3 mrad offset Courtesy
) 0. Mathon
S. Pascarelli

on axis J. Chavanne

\ 3 Poles wiggler (BM18)/1:
0 200 400 2 pOleS nggler (BM23)

Hor. \ sition [um] ironpole
1 additional short Dipole
Parasitic source from Dip-Quad (150 mm long)

-400pm -200
Magnet blocks
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- CONCLUSION

Low emittance machine = big change for everyone = X-ray beam behaves differently
* BL complete review organized (scientists / Engineering) = interactions rounds

* Good detailed understanding of synchrotron radiation physics = Simulation

* Requires a strategy of making new optimization = leads to new optics (no optics?)

e Lab vision reset = is an other world for the storage ring

is also a projection in an other world for the beamlines
New people round — need experience transmission

......
.........
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