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Beam size at sample

SIRIUS: 3GeV, 4th gen

- Brazilian Synchrotron
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TARUMA Station

- Multitechnique - in situ, in operando, in vivo experiments

Various sample
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X-ray fluorescence
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See WEPC02, WEPCO03, » Sam ples
and WEPB13 posters! (biological, agro-environmental, energy, etc.)
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Spectroscopy

Achromatic
focusing

Large
Working
Distance

Kirkpatrick-Baez (KB)
mirrors

Long

Mirrors
Ultra

Limited stability

grazing
angles

In operando
studies

Tender to
Hard x-rays

Nanometer
resolution




Kirkpatrick-Baez (KB) Mirrors

LNLS
+ sirius

* Elliptical mirrors, placed orthogonally to focus x-rays
 To have a proper focus, the mirrors have to:
. Preserve its original design shape!!
. Have very good orthogonality (typically < 50 prad)
. Be properly aligned to source’s virtual position (sub-urad)
. Be longitudinally placed within each other’s depth-of-focus
* Most sensitive DoF in one mirror is the least sensitive DoF in the
Other! (pitch chamber around VFM = yaw HFM [tol > 1mrad])
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TARUMA Mirrors (j-tec)

* Ni-coated Si surfaces

e Slope <50 nrad; PV <1 nm
* VFM: =210 mm;

* HFM: L=130 mm

e  HFM: WD=450 mm
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KB Mirror Sensitivity Model

CARNAUBA / MICROPROBE
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Exactly-
constrained,
thermally-
centered
Design

Metrolgy-assisted assembly

Exactly-constrained KB Mirrors

Glued mirrors to
mitigate surface | ..
deformations | -~

Fixed-shape £ 150
mirror

Mounting

Probe

U CNPEM

Frame  Capacitive Essential-only DoFs for pitch
and astigmatism corrections
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KB
vessel

Sample
Stage

Metrology

Mirror lengths: Granite
VFM =210 mm

HFM =130 mm

o

Bottom
Granite

1320 mm

N
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Concept: Base and Sample Stack

KB
vessel

High-stiffness chain from S
sample to mirrors!

r—— 440 mm ————, \

> 500 Hz

Sample
Stage

Vacuum
vessel

Granite

Metrology

> 500 Hz

Auxiliary

Ry Rotary Stage

Y Stage

XZ Planar Stage > 300 Hz

1400
mm

> 150 Hz

Bottom Granite

> 300 Hz

77 Bottom

See MOPBO0S8 poster! Granite

1320 mm

N
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Alignment DoFs

Fine pitch + astigmatism
correction (VFM Rx)

Mirror lengths:
VFM =210 mm
HFM =130 mm

Orthogonality
correction (HFM Rz)

6-DoF actuation
at sample, stiffer
above metrology

X,Y,Z Abbé
Metrology

1320 mm
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Alighment DoFs

Vacuum vessel

Incoming beam

Levellers

@ Coord. System

_____ Alignment Req. Grouted to floor

Fine pitch and astigmatism alignment
(in-vacuum)

Coarse alignment — Base (6-DoF)
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VFM and HFM Assemblies

+ sirius

beam Embedded
VFM mbedde
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Exactly-constrained Mechanics

6 Degrees of Freedom (DoF) constrained

Horizontal stiffness!
X, Z, Ry DoFs!

k, = 8.5e4 N/m k,=7.2e7 N/m

3x struts Modal optimization for strut positions

Horizontal

1 Optmization 2 Optenizaton 2 Optmizaton

i

i

BH

11 (1)
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2X struts
Vertical

BN

1x piezo actuator
(1e7 stiffness)
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% Modal Simulations and Analyses

+ sirius

FRF (m/N) for Frame and Mirror - Axis: X

Frame
— Mirror

15t mode
measured
ol at ~450 Hz

Amplitude[m/N]
S

16 . ! I
100 200 500 1000 2000
Frequency [Hz]

107

1138 Hz

6th mode
measured
J.. at 1037 Hz
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Ansys Simulations SRW Simulations
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+ sirius

Ellipse Fitting in Fizeau

Difference between rotated and reference profiles

10

\ = Shift [px1]:20

\ —-=—=- Reference slice (after gluing)

Height [nm]
B

2
0
-4
€
S0
L
v
c
g
o —20
=
)
)
=
2 —40 -
o
T

—-40 -20 0 20 40
Length [mm]

Rotation angle [mrad]

7 ) enpem
-

MINISTRY OF
SCIENCE, TECHNOLOGY
AND INNOVATIONS




Measure ellipse figure Fit focus position Clean-room CMM assisted Beamline Alignment
around polished area to mirror substrate gluing assembly installation  with x-rays

VFM assembly
pinned and
levelled

HFM assy
adjusted in
6-DoF

Mount Adjust Rx, Rz
mirrors in Heieieise and Y usin
VFM base &
the the vessel

Align All 6 DoFs of Convert focus
) e e HFM assembly reference to
> with dowel using the VFM laser tracker

chamber ’ flange as a :
pins focus reference align. spheres

base reference
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Focus alignment (in progress)

20210506 star Vortex13 Gaussian curve fitting
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Conclusions

* Focus comissioning underway shows
promising results already, giving
enough information to optimize next
KB system designs at Sirius

* The high stiffness concept was
proven for high stability

* The current design also leaves way to
adaptive optics and high dynamics
realizations
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Next Steps

+ sirius

SAPOTI KB System MOGNO KB System
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Thank you!

On behalf of Sirius/LNLS Beamline Engineering Division (DEL)
and everyone that contributed to this project

Gabriel B. Z. L. Moreno

On behalf of Beamlines Design Group - PLL @ . O cNPeEm e
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New Comissioning results!!

beam, resolving ANT 100-nm features in fluorescence mapping!!
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2 weeks after MEDSI, the final resolution was finally achieved with pink
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