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ALBA synchrotron



  

Heterogeneity
Real samples
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Scientific cases
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Earth and
environment

Mineralogy and petrology chemistry
Interface and surface geochemistry

Trace element contamination



  

Preferential Flow sediment

Matrix sediment

Fe

Fe As

As

Helmhart M., Serrano S., Garrido F., O’Day, P.A. Unpublished (2014)



  

As @
ferrihydrite

Helmhart M., Serrano S., Garrido F., O’Day, P.A. Unpublished (2014)

As-K
edge



  

Earth and
environment

High social impact



  

Cultural heritage
Identify components and process (date)

Evaluate alteration (restore)
Non destructive methods



  

Smith, A.D., et al. Journal of Non-Crystalline Solids, 352, 5353 (2006) 

Cu NPs in
13th Cent.
“lustre”
coating



  

Pradell, T., in “Synchrotron radiation and neutrons in art and archaeology (SR2A-2014)” (2014) 



  

Cultural heritage
High visibility



  

Materials
Characterise new materials

Heterogeneous
Micrometric



  

Hard condensed matter



  

Ravy, S., et al. Phys. Rev. Lett., 99, 117601 (2007)



  

Segura-Ruiz J, et al. Nano Lett. 11, 5322-5326 (2011)



  

Soft condensed matter



  

García-Gutiérrez, M.C., et al. Nano Letters 10, 1472 (2010)

PVDF



  

Materials
Industrial interest



  

Bio-medicine and
bio-environment

Element mapping in cells
Toxic element accumulation



  

Davies K.M., et al. Neurobiol. Aging, 35, 858 (2014)



  

Tolrà R., et al., J. Plant. Res. 124, 165 (2011) 

20 μm



  

Bio-medicine and
bio-environment

High social impact
Industrial interest



  

Multidisciplinary



  

Complementary



  

Requirements



  

Spot size
< 500 nm



  

50 nm



  

Spot size
Why not smaller?



  

Spot size
Limited by budget:

Building extension
Ultra-high stability



  

Spot size
Flexibility loss



  

Energy range
2 – 20 keV



  

2 – 20 keV



  

P to Nb (K-edges)

2 – 20 keV



  

P to Nb (K-edges)
Y to U (L3 edges)

2 – 20 keV



  

XRD, SAXS, WAXS
Crystal and nanostructure 



  

Sub-ppm XRF
Elemental composition



  

XAS
Oxidation states, local structure



  

Mapping
Fast  → radiation damage
Precise → sub-μm steps
Robust → stability 
Versatile → sample environment



  

Sample environment
Vacuum
Low temperature
High temperature
Reactive environment
High pressure
...



  

Simultaneous measurements
Techniques synergy



  

Technical design



  

Undulator
In-vacuum, cryo-cooled, hybrid magnet



  

Undulator
Period 21.5 mm
Length 2.0 m
Max Ky 2.15
Min Gap 4.8 mm



  



  

Ar-K



  

Undulator
Low-β straight section



  

Optics



  

Double-crystal
monochromator

Monochromatic
or pink beam



  

1st horizontal
focussing mirror

First focus
Harmonic rejection (Si, Rh, Ir stripes)



  

Slits

Secondary source



  

Kirkpatrick-
Baez

focussing
mirrorsSample focus

and pink beam



  



  

Single layer coating



  

Focus



  

KB
Single layer

coating 
Spectroscopy mode

Mono in



  

Multila
yer coating



  

Focus
and mono



  

KB
Multilayer
coating 

Diffraction mode
alternative 1

Mono out



  

KB
Single layer

coating 
Diffraction mode

alternative 2

Mono
multilayer



  

No mono vs. multilayer mono
More flux
No DCM

“White” beam
Extra cooling

Beamline align



  

310 x 430 nm
FWHM



  

Detectors



  

XAS
Ionization chambers



  



  

Sub-ppm and fast XRF
Multielement Silicon Drift Detector



  



  

XRD, SAXS, WAXS
Large area CCD camera



  



  

SAXS, WAXS
Same CCD camera + Small beamstop



  

SAXS, WAXS
KB divergence  → < 30 nm  



  

Mapping
Piezo stage
Heavy table

Controlled environment



  

Sample environment
Vacuum or He chamber
Cryostat
Furnace
Reaction cell
High-pressure cell
...



  

Simultaneous measurements
Techniques synergy



  

SDD

Alignment
microscope

KB
Mirrors

I0 IT CCDSample

Beamstop



  

Cost
~ 6500 k€



  

Major Item k€ Comment 

Undulator+frontend 950 Hybrid magnet in-vaucuum undulator

Lead optical hutch 300 Dimensions: 10 m long, 2.5 m wide, 3.4 m high 

OH services 250 Control cabines cabling, electricity, fluids 

Lead experim. hutch 250 Dimensions: 10 m long, 4.5 m wide, 4 m high 

EH services 600 Cabling, air conditioning, electricity, fluids 

Instruments hutches 400 Shutters, collimators, BPMs, filters, slits, cryocooler, 

Tubes and shielding 250 Transport of pink beam 

Vacuum equipment 200 Vacuum pumps and gauges 

HF mirror 350 High quality cooled and coated crystal + motorization 

Monochromators 900 Fast scanning and coherence preservation 

Table 60 Granite support and motorization 

Focusing optics 250 High quality KB mirrors system 

Sample stage 120 XYZ, encoders, piezo-scanner 

Detectors 600 SSD, CCD, ion chambers

Control electronics 300 Motors and general control electronics 

Support laboratory 60 Visible light microscope for sample alignment 

Network 60 Plugs, 10 Gbe clients 

Subtotal 5900

Contingencies 590 10% of subtotal

Total estimate 6490   
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Future
Imaging techniques



  

3D XRF tomography
Tomography rotary stage



  



  

Ptychography
Beam coherence

Software development
< 100 nm image resolution



  



  

Fourier transform holography
Beam coherence

Sample preparation (mask + pinhole)
< 100 nm image resolution



  

20 μm pinhole

Sample STXM image

Mask and sample

Au mask
SiNx membrane
Sample film



  

Scientific developments
Nanofocus beamlines



  

Technical risks
Optical components

Detectors
Beamline stability components



  

Academic experiment
Very high pressure



  

Ravy, S., et al. Phys. Rev. Lett., 99, 117601 (2007)



  

Industrial experiment
Pharmaceutical company, in vitro experiment

Distribution of new drug inside cell



  

Gil S.,Biological Trace Element Research DOI: 10.1007/s12011-014-0097-2 (2014)



  

European leadership
Multitechnique study of low-Z elements



  

P to Nb (K-edges)
Y to U (L3 edges)

2 – 20 keV



  

Multitechnique, low Z
Life and earth sciences

(and interaction between them)



  

Conclusions
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