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- X-RAY SCIENCE COMMUNITY’S QUEST FOR MORE BRILLIANCE

The quest for more brilliance and coherence to the benefit of Science

3rd generation - emittance H/V ~ 1000 4*h generation— H/V ~ 1

-2 0 2

The aims of the EBS project:
To decrease the storage ring horizontal emittance
(= a factor 100 better than the 37 SR generation)
To increase the source brilliance (= a factor 100)
To increase the coherence of the beam (= a factor 30)
With the constraints to re-use an existing

: ' —~, "W infrastructure and minimising the impact on the ESRF
SERVING THE LARGEST SCIENTIFIC activity

COMMUNITY IN THE WORLD: 7
>50 000 TODAY AND GROWING
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- NEW LATTICE VS. PRESENT ESRF LATTICE: DBA = HMBA

> Previous ESREF lattice (cell) 2
Double Bend Achromat = (2 dipoles + 15 quad. sext.) per cell Ee

ID length =5 m (standard) / 6m / 7m € X 3
(Nsect ) Ndipole)
> EBS lattice (cell)

Hybrid 7 Bend Achromat = (4 dipoles + 3 dipole-quad + 24 quad., sext., oct.)
ID length =5 m

present Dipole Dipole

31 magnets per cell instead of currently 17
32 cells (arcs) with 4 girders each

e R T e K I e S
- e o o el e LR )
: Dipole
Dipole-quadrupoles
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- 2019 DECEMBER 15™ : FIRST ACCUMULATION
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- 25™ AUGUST 2020 : A TIME TO REMEMBER !
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The 25t August 2020, first official USM shift starts
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On-schedule beam delivery proofs the very advanced state of the new machine
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CPMUS AT SMALLER GAP: INCREASED BRILLIANCE

IVUN22 min. gap 6 mm, K ,,.=1.7
CPMU14.5 min. gap 4 mm, K ,,=1.7

Brilliance [Ph/s/0.1%bw/mm’/mr’]

Photon Energy
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- FIRST BEAM AT ID15A

U35 gap = 11.00 mm
o

M U35gap =11.00 mm - U35 gap = 11.00 mm

_

40 keV 70 keV 100 keV

monochromatic beam from a U35 [Laue-Laue monochromator with approx. 0.3% energy resolution]

(band width narrower than undulator harmonics)

images taken at ~65 meter with PCO-edge camera with 1:1 optics (6.7 um pixel size)
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- WHAT’S NEW WITH EBS

EBS —the first 4t generation high energy SR source:
A big step forward for X-ray science
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The beamlines (ID & BM) report a beam performance increa
Increase in flux and flux density
Increase of the coherent fraction

Significant improvement in beam stability
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DIFFRACTION @ BEAMLINE ID01: 15T COHERENT DIFFRACTION PATTERNS OF SMALL PT NANOPARTICLES

Pt nanoparticles embedded in alumina 3D diffraction pattern: 22 nm
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- COHERENT DIFFRACTION AT HIGH ENERGY @ BEAMLINE ID31

Improvement by another 2 orders of magnitude
in flux density within reach ’

BCDI @ 41keV on ID31

Pt crystals: ~600 nm diameter
Delivered flux: ~ 3 x 108 ph/s
Spot size: 9x10 pm

Rocking curve acquisition: 4 min

Pt on ZrO, 3 -
SEM image ;3
Rocking curve projection along transverse and longitudinal axes
0 | E 2 5.0 22_ 5.0
20 - 2P . : a5 504
Sufficient flux density for particles 10-15x smaller oo | be 10
with penalty to speed (90 min acquisition) a0 | ne—— w0 |
|. Martens, M.-I. Richard, S. Leake, J. Drnec, V. Honkimaki 6 Fet —
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- HARD X-RAY DIFFRACTION MICROSCOPY — SAC 2012

Diffraction based Transmission X-ray Microscopy

Bright field imaging Dark field imaging Scanning mode
| | 1sample Pt I ’ il |
<—— Grain
|| ||
. I I
Diffract | |
beam Z? || A A%
\A AV Beamstop

\| / Lens

gh resolution Large area
stector High resolution 2D detector
2D detector
Optics <15keV: zone plates 10 nm

>15keV: compound refractive lenses 100 nm =>20nm
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- HXDM ON ID06 - SAC 2018

.

\ H F POUISen, TeChn|Ca| UnlveI’SIty Of Denmark (DTU) European Research Council

D fU ERC-Grant “Diffraction-based transmission x-ray microscopy d-TXM (10/2012 — 09/2017) =l ..';f:
— ERC-Grant “The Physics of Metal Plasticity (2020-2025) s
e H. Simons, Technical University of Denmark (DTU):
ERC-Grant “3D Piezoresponse X-ray Microscopy (2019-2023)
Ve B emtn ) dcations Scientific goal

boundaries in a boundary

* Development of multi-scale materials characterization
continuously covering length scales from 1 mm to 10 nm.

» Coupling to 3D modeling T4 b

» Basic mechanisms underlying plastic deformation & s . £
phase transformation in metals 4 zomm 500m

lns T iIlIHI] T IIHHII T WIIHIII T flilHII T IHUHI T
Inm 10nm 100nm 1pm 10pm 100pm Imm

2 ym

CP-FEM cDD DDD Spatial resolution

Results

» Development of dark-field X-ray microscopy

« Construction of a dedicated instrument at IDO6

* Improvement of the real-space resolution
from ~3 um (DCT and 3DXRD) to ~ 100 nm (DFXRM) and ~30 nm
(multilayer Laue lenses)

« Demonstration of Bragg CDI in bulk materials to ~ 13 nm @ ID01

» 28 publications
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- REMAINING EBS PROGRAMME

o Four new beamlines fully optimized for EBS o Refurbishment Programme
- EBSL3-BM18: High throughput large field phase-contrast tomography beamline D18 (|D14), ID21, ID24, BM23, ID27, ID32
- EBSL8-1D29: Serial crystallography beamline
- EBSL1-1D18: Beamline for coherence applications
- EBSL2-1D03: Beamline for hard X-ray diffraction microscopy o New insertion devices
ID27

o ESRF Data Policy -
; . aM26 .
on all beamlines sz &/‘ €BSL8 wzs)
E123 Q?V _:————_-———g——-maoms
D23 22
% A@es;be Ihlcvo;)orablo ?;ime EBSL3 {8M18} Dza///'
/ éb aw

Bhi31 1031

\ o 10 new high-end 2D detectors

Bl3>
D32
N"

DO}

o New beamline control 2 [l icruo-em

software .
B l’ -‘: Bl

o New access modes
e.g. BAG, mail-in, etc...

ESRF-EBS

Extremely Brilliant Source

l EBS L2ioos)

BMOS
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SCIENTIFIC DATA ANALYSIS AND MANAGEMENT FOR EBS - SAC 2019

Software Coordination Project Leader Experiment Project
Deliverables Board A. Solé Office
)
Data / Project Resources
Analysis
Toolkit

- N
Metadata Externally :
LIMS : ! funded e.g. :

Generic /

Applications

ToMOGRAPHY PARALLEL VISUALISATION MX SPECTROSCOPY DIFFRACTION TOMOGRAPHY Data
BatcH WoRkFLOWS MANAGEMENT
Specific . Mi R-Wilcke T.Vincent 0.Svensson A.Solé J.Kieffer C.Nemoz A.De Antolinos
Scientific

Applications R GPU
— : : PROCESSING WoORKFLOWS
( \ i Externally ::
. ./ ! funded eg. ::
Training EU, ANR P. Paleo H. Payno

TIME LIMITED
Software‘/ ConTRACT
Catalogue

PANOSC: PHoTon anp NeutroN OPEN Science CLoup

CALIPSO + FUNDED H2020 PROPOSAL

A. Campbell-2021 3 FTE Funding Approved in August 2018

s ssmssmmnnm
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- Workshop on Dark Field X-ray Microscopy 6-7 May 2021

-

big thanks to all colleagues who brought us back into business

It’s great to have our user back!!
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Horizon 2020 research and innovation program under grant
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