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ALBA II upgrade Project

The upgrade ALBA II includes: • renovation of the storage ring
• renovation of the existing beamlines. 
• expansion of the infrastructure.
• construction of up to three new long beamlines. 
• synergy to create a scientific and technological pole in the area.

The adjacent land is already
secured for ALBA II



ALBA II Accelerator Upgrade
Upgrade the 3rd Generation ALBA Storage Ring 

to a 4th Generation Ultra Low Emmittance Ring: ALBA II

with the aim of doing it as efficiently as posible, 

in terms of cost and time.
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Optimization parameters

• Keep beam energy 3 GeV.

• Keep the tunnel → SR with similar compact circumference.

• Keep existing ID beamlines → preserve 16 cells and source points.

• Bending beamlines can be relocated.

• Keep injector (present εx
booster = 10 nm∙rad).

• Keep infrastructures, as much as possible.

• Straight sections ~4 m, with βx ~ βy~ 2 m.

• Reduce emittance by more than a factor 10 (<400pmrad).

• Full coupling  operation option.
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The upgrade

ALBA

Energy 3 GeV

Circumference 268.8 m

Symmetry 4-fold

Lattice 8×2 DBA cells

Emittance 4.5 nm·rad

Nº of cells 8+8

# of straights 4 / 12 /8

Straight length 7.8 / 4.0 / 2.3m

ALBA II

3 GeV

268.8 m

4-fold

16×MBA cells

~200 pm·rad

16

16

4.0 m

matching cell

unit cell
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ALBA II Enabling Technologies Project
ALBA 01 (2022 - 2025)

Design, and prototype construction of:
WP1 Magnets

WP2 NEG Coated vacuum chambers

WP3 Pulsed magnets

WP4 Girder for arc assembly tests

WP6 Superconducting Undulator

ALBA 01  - 7,5 M€

Prototype program
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WP1 Magnets 
Magnet

type

Prototype

required?

Lots

QD YES (1) Lot 1

QDS YES (2) Lot 1

QF/QFS YES (1) Lot 2

Q1 NO (0)

Q2 NO (0)

Q3 YES (1) Lot 2

SH YES (1) Lot 3

SV YES (1) Lot 3

CORR YES (1) Lot 4

Total 8 prototypes 4 lots

We order a conventional QDS 

(similar to QD), and a version 

with embedded coils. 

We only order the triplet magnet 

with the highest working point. 

The 2 reverse bends share the 

same geometry, so we order 1 

single prototype.

Designs done, CfT ready.
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WP2 Vacuum Chambers 

1220mm

Dipole

Quadrupole
Sextupole

Union

240mm 230mm 260mm260mm 230mm

Absorber

Pumping

BM Beamline

Keyhole flange

Cooling

Grids

MO type flange

Grooves to 

accommodate 

the magnets

Designs on going:

Pre-prototypes being ordered:
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WP3 Pulsed Magnet 

Double Dipole Kicker

Design done, prototype under construction

Magnet and Pulsed Power Supply
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WP4 Girders 

Design ready – PDR with external panel on Oct’23

Working details on the movement system

1st eigenfrequency 77Hz – Max. deformation 30um
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WP6 SCU 

Order on the basis of functional specifications

Detailed design is required in the tender
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RF System
3rd Harmonic Active Cavity

Successfully tested with beam

Bunch lengthening beam tests at 
BESSY II with the

3rd Harmonic EU Active Cavity 
Prototype

Cavity

SSPA

DLLRF
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Call for tenders
Several CfT are under way:

- Digital LLRF upgrade Production

- Doble Dipole Kicker prototype Production

- 3rd Harmonic RF Cavity Tendering

- Super-Conductor Undulator (SCU) Ready to tender

- Electro-magnets prototypes Ready to tender

Foresee for 1st half 2024:

- 3rd Harmonic 1.5GHz SSPA Technical specs under revision

- Girders prototypes Design ready, tech specs by Q1/24

- Vacuum chambers prototypes Design ongoing, tech specs by Q2/24

- Permanent magnets prototypes Design started, tech specs by Q2/24
(QDS & SB)
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Future needs
Accelerator’s components

2026-2029
• New magnets

• ∼ 600 magnets

• ∼ 1000 power supplies

• Some, permanent magnets?

• New vacuum chambers
• ∼ 270 m vacuum chambers

• SS, Cu, NEG coated

• New Girders
• High vibration modes

• High precision remote movement

• Many others:
• Upgrade RF system with SSA and 3rd Harmonic Cavity

• New Diagnostics equipment

• New Insertion Devices

• Upgrade electronics

• …



ALBA ALBA-2

Beamlines for a new source

The beamline program aims at translating the features of the new 
source into an improved tool for the scientific research in many fields 
relevant for society. 
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Beamline upgrades

At ALBA

Spot on sample at the Xaira beamline 

Current beamline 
at ALBA-II

Upgraded beamline 
at ALBA-II

Reasons

- Adapt to higher brilliance

- New opportunities

- Aging of instrumentation

- Compatibility with new 
machine

The definition and prioritization of the 
upgrade of the  existing beamlines will 

be available early in 2024

Scope:

- Detectors, Optics, endstation and 
endstation instrumentation, 
infrastructure.



Beamline program for ALBA-II

Brightness / coherence Superbends
• More flux on diffraction beamlines. 
• Wave optics for x-rays.
• Approach ultimate resolution limit.
• Diffraction and imaging

• Better spatial resolution at large 
working distance.

• Coherence at high photon energy.
• Nanoprobes and imaging

40 m BL 230 m BL

Long beamlines

• Enable the use of BM beamlines for 
higher photon energies.

• Spectroscopy and diffraction
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ALBA-II upgrade
ALBA main building
- Accelerators
- Experimental hall
- Laboratories
…

ALBA-II extension
- Experimental halls for BLs 2,3 and 4
- Laboratories
- Collaboration institutes
…

Beam transport 
across the stream Exp. Hall for BL08



ALBA-II Beamline program

BL02-CODI

BL03

Main building

Far Experimental Hall

Stream course
(not usable)

BL-04 CORUS

BL08

BL07-Calima

BL15-3sbar

Notos

3sbar

Claess

Circe

Minerva

Boreas

Faxtor
Miras

Xaira

Mistral

NCD-sweet

Xaloc

MSPD*

A) Construction of 4 new beamlines
B) Upgrade of the 13 existing beamlines of ALBA 



CoDI

Source In vacuum undulator (IVU19)

Energy Range 10 - 30 keV    (DCM +  MLM)

Spot Size 30-50 nm

Technique nanoDiffraction, nanoFluorescence, CDI, 
Ptychography, Holography, Bragg-
ptychography, Tele-ptychography

Features 20 m flight tube
Laser Heating, High Pressure, Gas dosing, 
Cryostream, Cryostat… (space around 
sample for versatile sample environment) 

Sample Micro reactors / Electro chemistry  cells for 
in-situ and operando

Detector One large area detector (6M type)
One small detector mounted on robot arm  
Multielement SDD 

BL02-CoDI
Hard X-ray nanoprobe beamline devoted to Coherent Diffraction 
Imaging techniques, for in-operando studies in material science.

3D reconstruction and Evolution of strain in a Pt 
nanoparticle as varying electrode potential. Useful 
for the design of strain-engineered nano-catalysts

Proposal Coherent Diffraction Imaging “CoDI” Beamline 
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Despite Pt nanoparticles (NPs) have been applied and studied in innumerable (electro)catalytic 
systems, the development of more advanced in situ or in operando characterization methods represent a 
great opportunity to get more insight on the understanding of the properties of these Pt NPs under relevant 
working conditions. In this sense, it is well established that by modulating surface strain, the chemisorption 

energies of adsorbates on active sites can be 
conveniently tuned and, consequently, the kinetics 
of (electro)catalytic reactions enhanced. This also 
applies in gas phase catalysis. In situ Bragg-CDI 
has demonstrated to be a powerful tool to acquire 
3D strain maps of NPs and nanostructures. Very 
recently, Atlan et at. illustrated the potentialities of 
the Bragg-CDI approach to map and quantify strain 
within individual Pt catalyst NPs under 
electrochemical control [4]. These experiments were 
carried out at the ID01 beamline of the European 
Synchrotron Radiation Facility. The Bragg-CDI 
measurements were performed with a photon 
energy of 13 keV and the beam size was focused 
down to 690 nm (horizontally) × 630 nm (vertically). 
The diffracted beam was recorded with a 2D Maxipix 
photon-counting detector (pixel size 55 × 55 μm2) 
positioned at a distance of 0.87 m. They measured 
002 Pt Bragg reflection in three dimensions by 
rotating the particle around the Bragg angle (16.12°) 
through 1°, in steps of 0.0125° with a counting time 
of 0.2 s per point and total flux of about 1.4×1012 
counts s–1μm2. The detector was positioned at an 
out-of-plane angle of around 28°. The timescale of 
one Bragg-CDI measurement was approximately 10 
min. Fig. 2 shows some representatives Bragg-CDI 
results in which the influence of the electrode 
potential on surface strain can be visualized. 

By combining in situ 3D strain microscopy with 
nanometric resolution, with density functional theory 
and atomistic simulations, the heterogeneous 
nature was observed including potential-dependent 

strain distribution between highly coordinated ({100} and {111} facets) and undercoordinated atoms (edges 
and corners). Strain propagation from the surface to the bulk of the nanoparticle was also shown. This 
information is very valuable and can significantly contribute to the design of more efficient strain-engineered 
nanocatalysts for energy storage and conversion applications. 

Due to the small focus (< 50 nm), CoDI in the ALBA II will provide the opportunity of studying smaller 
Pt NPs and more similar than those used in practical applications. In this respect, Bragg-CDI of single 20 
nm Pt particles has been performed at the ID01-EBS beamline of ESRF [12]. The long working distance at 
CoDI will allow to combine spectroscopy and imaging at high pressure not reachable at electron 
microscopes. The laser available at CoDI will contribute to perform in situ excitation of photocatalytic 
systems in gas atmosphere and study these processes with nanometric resolution. 

• Quantum materials 
Inhomogeneity at the nanoscale is intrinsic in quantum materials. During phase transitions domains 

on this length scale naturally occur in correlated materials, and novel emergent phases that are not stable 
at the mesoscale have also been observed [13]. Most existing techniques do not provide bulk sensitivity 
and thus do not report on the full domain structure. Imaging phase separation at the nanoscale using 
coherent imaging has recently been achieved using soft X-rays both for thermal [14] and light-driven phase 
transitions [15], but these experiments rely on X-ray absorption contrast and thus report primarily on the 
electronic structure. The complementary technique of scanning near-field optical microscopy (SNOM) also 
reports primarily on electronic structure and is not bulk sensitive[16]. However, phase transitions in quantum 

Figure 2. Influence of electrode potential on surface strain, 
a, Evolution of the strain at the surface of the Pt particle at 
varying electrode potentials. b, The same particle viewed 
from different perspectives. Colouring is identical in both a 
and b. Extracted from [8]. 

Proposal Coherent Diffraction Imaging “CoDI” Beamline 

 6 

Despite Pt nanoparticles (NPs) have been applied and studied in innumerable (electro)catalytic 
systems, the development of more advanced in situ or in operando characterization methods represent a 
great opportunity to get more insight on the understanding of the properties of these Pt NPs under relevant 
working conditions. In this sense, it is well established that by modulating surface strain, the chemisorption 

energies of adsorbates on active sites can be 
conveniently tuned and, consequently, the kinetics 
of (electro)catalytic reactions enhanced. This also 
applies in gas phase catalysis. In situ Bragg-CDI 
has demonstrated to be a powerful tool to acquire 
3D strain maps of NPs and nanostructures. Very 
recently, Atlan et at. illustrated the potentialities of 
the Bragg-CDI approach to map and quantify strain 
within individual Pt catalyst NPs under 
electrochemical control [4]. These experiments were 
carried out at the ID01 beamline of the European 
Synchrotron Radiation Facility. The Bragg-CDI 
measurements were performed with a photon 
energy of 13 keV and the beam size was focused 
down to 690 nm (horizontally) × 630 nm (vertically). 
The diffracted beam was recorded with a 2D Maxipix 
photon-counting detector (pixel size 55 × 55 μm2) 
positioned at a distance of 0.87 m. They measured 
002 Pt Bragg reflection in three dimensions by 
rotating the particle around the Bragg angle (16.12°) 
through 1°, in steps of 0.0125° with a counting time 
of 0.2 s per point and total flux of about 1.4×1012 
counts s–1μm2. The detector was positioned at an 
out-of-plane angle of around 28°. The timescale of 
one Bragg-CDI measurement was approximately 10 
min. Fig. 2 shows some representatives Bragg-CDI 
results in which the influence of the electrode 
potential on surface strain can be visualized. 

By combining in situ 3D strain microscopy with 
nanometric resolution, with density functional theory 
and atomistic simulations, the heterogeneous 
nature was observed including potential-dependent 

strain distribution between highly coordinated ({100} and {111} facets) and undercoordinated atoms (edges 
and corners). Strain propagation from the surface to the bulk of the nanoparticle was also shown. This 
information is very valuable and can significantly contribute to the design of more efficient strain-engineered 
nanocatalysts for energy storage and conversion applications. 

Due to the small focus (< 50 nm), CoDI in the ALBA II will provide the opportunity of studying smaller 
Pt NPs and more similar than those used in practical applications. In this respect, Bragg-CDI of single 20 
nm Pt particles has been performed at the ID01-EBS beamline of ESRF [12]. The long working distance at 
CoDI will allow to combine spectroscopy and imaging at high pressure not reachable at electron 
microscopes. The laser available at CoDI will contribute to perform in situ excitation of photocatalytic 
systems in gas atmosphere and study these processes with nanometric resolution. 

• Quantum materials 
Inhomogeneity at the nanoscale is intrinsic in quantum materials. During phase transitions domains 

on this length scale naturally occur in correlated materials, and novel emergent phases that are not stable 
at the mesoscale have also been observed [13]. Most existing techniques do not provide bulk sensitivity 
and thus do not report on the full domain structure. Imaging phase separation at the nanoscale using 
coherent imaging has recently been achieved using soft X-rays both for thermal [14] and light-driven phase 
transitions [15], but these experiments rely on X-ray absorption contrast and thus report primarily on the 
electronic structure. The complementary technique of scanning near-field optical microscopy (SNOM) also 
reports primarily on electronic structure and is not bulk sensitive[16]. However, phase transitions in quantum 

Figure 2. Influence of electrode potential on surface strain, 
a, Evolution of the strain at the surface of the Pt particle at 
varying electrode potentials. b, The same particle viewed 
from different perspectives. Colouring is identical in both a 
and b. Extracted from [8]. 

From C. Atlan, et al. Nat. Mater. 23, (2023). https://doi.org/10.1038/s41563-023-01528-x



Corus

Source In vacuum undulator (IVU19)

Energy Range 10 - 27 keV    (DCM +  MLM)

Spot Size 20-50 nm

Technique 3D-nanoXRF, XANES (STXM)
Holo-tomography (Full Field)

Features LN2 cryogenics, 180º Rotation, XY mapping
UHV, Visible microscope

Sample Multi-sample shuttle system 

Detector Nanospec:: Two Multielement SDD, Diode
NanoImag: Two Multielement SDD,  sCMOS
Area detector.

BL04-Corus

6 
 

accumulation of fluoroquinolones (FQs) in Escherichia coli as a model for Gram-negative bacteria. It has 
been demonstrated that the main AcrAB-TolC efflux pump controls the accumulation kinetics of FQs, 
relative to the level of bacterial resistance to this family of antibiotics28, 29. However, the limited resolution 
of DUV microscopy and the lack of DUV-fluorescence calibration impairs the possibility to obtain precise 
subcellular localization and intracellular quantification of FQs into single bacterial cells. The recent use of 
metallo-FQs30 and cryo-nano-XRF have made it possible to circumvent this limitation (Jamme & Masi, 
unpublished data). Antibiotic resistance research will be undoubtedly strengthened thanks to the 
possibility of correlative 3D cryo-nanoimaging at CORUS 31 (see Fig. 1), providing quantification and 
localization of promising metallo-antibiotics at subcellular resolution of bacteria. 

 

Figure 1. Determination of intracellular location of Ir in breast cancer cells (MCF7). (a) Image of an MCF7 cell treated with 1 
µM ACC25 for 12 h, which is an overlay of soft X-ray microscopic imaging (grey) and epifluorescence signal (green, 
mitochondria; red, acidic organelles). (b) Ir distribution imaged by 2D XRF on the same cell. (c) Overlay of the epifluorescence 
mitochondria signal (green) with a mask generated using the Ir signal shown in (b) (the two signals are superimposable). (d) 
Selected area of the cell in (a) shown as an overlap of two reconstructed slices from cryo-SXT and XRF tomography (XRF 
acquisition area in yellow square where Ir densities are shown). (e) and (f) compare slices of mitochondria from cryo-SXT and 
XRF tomography results of the same area, illustrating the location and concentration of Ir signal inside mitochondria. (g) 3D 
rendering of the yellow square area in (d) after segmentation of the organelles. The Ir signal is displayed with the same colour 
density scale as in (d) and (f), different organelles are displayed. Scale bars: (a)-(d) 5 µm; (e) and (f) 1 µm; (g) 2 µm. From Conesa 
et al., 202031 

Determination of intra-cellular location of Ir in 
breast cancer cells. Imaging at nm-resolution with 
chemical sensitivity. 

Hard X-ray nanoprobe beamline devoted to spectral Imaging and 
tomography for life sciences.

From Conesa et al. Angew Chem Int Ed Engl 2020, 59 (3), 1270-1278. DOI:10.1002/anie.201911510.
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• Plano-elliptic mirrors

• Graded multilayer coating  

• Rmin ~ 10 m 

• Length >80 mm

• Figure Errors < 1 nm, <  50 nrad

• Transversal acceptance < 1 mm2

The intended nanoprobes represent a challenge, first in optics

• Spot size <25 nm fwhm

• Depth of focus < 10 µm

• Distance to sample <40 mm



Endstation (CoDI)

Proposal Coherent Diffraction Imaging “CoDI” Beamline 
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• X-ray wavefront sensor: In order to measure the optical wavefront, a sensor to describe the X-ray 
beam shape and phase will be installed, profiting the long camera length. An on-line reference 
system will be installed with the possibility of inserting or removing it from the X-ray beam path to 
investigate the possible wavefront distortion and take actions to minimize the possible optical 
aberrations.  

• Laser tracing: A visible-light and low power laser will be required to visualize the X-ray beam path 
from the optical hutch until the detector (straight line). This will help during the commissioning to 
visualize and approximate the X-ray beam path through the different elements (e.g. vacuum line, 
slits, sample environment, flight tube). 

• Slits system 
Different sets of masks/slits systems will be installed in CoDI in order to deliver the appropriate high-

quality X-ray beam: 

• Fixed masks: Water cooled fixed mask located after the front end to absorb part of the white beam 
power.  

• First slits: After the monochromator, there will be a set of slits to clean the X-ray beam that travels 
towards the secondary source. 

• Secondary source aperture: The secondary source will define the X-ray beam size that will be 
accepted by the focusing system, that at the end defines the beam size and coherent properties at 
the sample position. 

• Second slits: Located at the beginning of the far experimental hall, they will serve to clean the X-
ray beam generated by the secondary source.  

• Guard slits: Anti-scatter slits systems to ensure a high-quality beam. 

• Fast shutter: Required to minimize beam exposure if data collection is not demanded, it will block 
the X-ray beam and it will only open the path to the X-rays when the data need to be acquired. The 
action time should be in the order/below of the millisecond, and it should be synchronized with the 
beamline and the full acquisition system.  

• Attenuation system 
Beam damage on the sample has to be minimized. For that, and due to the high power of the X-ray 

beam, a set of fast acting filters will be installed after the monochromator to reduce the photon flux that will 
arrive to the sample. This will also help to perform commissioning tasks without the full beam intensity. The 
set of filters will consist of single crystals of Ge, Si and CVD diamond to conserve the coherent properties 

Figure 13. Top view (A) and side view (B) of CoDI end station where different elements are identified: 1- KB mirrors 
vessel with 2 pairs of KB mirrors and free path for the X-ray beam; 2 - MLLs positioning system (removed from B for 
clarity); 3- Sample positioning system composed by a a rotation goniometer, an hexapod and high-precision linear and 
rotation stages; 4- Modular flight tube that can be retracted from the X-ray path (A) or be inserted (B), and it can be 
also extended up to 20 m, allowing the area detector to reach the sample position and to record the scattering signal 
at 20 m minimizing the air scattering and absorption; 5- Area detector positioned a movable table with X and Z 
movements that could be also inserted inside the flight tube for in vacuo experiments; 6- Robot supporting the small 
pixel size detector; 7- Fluorescence detector supported and pointing to the sample. Some motors and components are 
not shown in the image for clarity. The X-ray beam is the horizontal red line traveling from left to right of the image.  

Text

KB-mirror pair
Fly-tube

Sample 
manipulator

Detector robot

Detector

Plinth

Endstations for CoDI (and Corus) include

- Sample positioning (hexapods, scanners)

- Detectors (Pixel detectors, Fluorescence, Izero)

- Sample environment (gases, cryogenics…) 

Lightweight, speed and 
compactness are required.

Watchmaker mechanics. 



More challenges 

Nanometer stability Nanometer positioning accuracy 

• Vibration isolation

• Drift compensation

• Temperature, humidity  stability

• Feedback positioning systems

• Nanometer resolution

• Nanometer guidance errors

• Fast actuators
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Optomechanics Infrastructure Endstation

Future needs

• Sample manipulator 
• Hexapodes
• Goniometers
• Scanning stages

• Detectors
• Pixel detectors
• Si drift detectors
• Izero monitors

• Sample environment
• Gas dosing
• Cryogenics
• Heating
• Sample Exchange 

robots
• …

• Rad. Shielding hutches
• Cabling
• Media supply
• Vacuum system
• Gas handling
• Beam transport
• HVAC
• Building isolation
• BioSafety BSL2

• In vacuum undulators
• Front End
• Mirrors systems (incl. cooling, and 

bending)
• Double crystal monochromators
• Multilayer monochromators
• Slit systems
• Diagnostic sets
• Wavefront sensors

Data

• High data volume
• Networking 
• Storage

• Complexity
• Real Time processing
• Data Analysis



Timeline (work in progress)

1y 9.75mo4/7/315/11/291) ALBA-Shutdown

5y4/8/281/1/242) Buildings

1y 2.75mo14/2/251/1/243.1) Design+Proc 3sbar

1y16/1/2617/2/253.2) Installation 3sbar

2y 2.75mo16/1/261/1/243) BL15-3SBAR

2y31/10/251/1/244.1) Stability studies and prototyping

2y31/10/251/1/244.2) Nanoprobe station and prototyping

2y31/10/251/1/244) BL-Technology projects

3y2/10/261/1/245.1) Design

3y 6.25mo4/5/299/2/265.2) Procurement

3y 2.5mo25/7/3114/8/285.3) Installation

3y2/10/261/1/245.4.1) Design

3y 6.25mo4/5/299/2/265.4.2) Procurement

3y 2.5mo25/7/3114/8/285.4.3) Installation

8y 2.75mo25/7/311/1/245.4) BL04-CORUS

8y 2.75mo25/7/311/1/245) BL02-CODI

3y8/10/276/1/256.1) Design+Procurement

1y 6mo11/8/2829/3/276.2) Install

3y 11mo11/8/286/1/256) BL33-MSPD

3y22/9/2822/12/257.1) Design+Procurement

3y4/7/312/10/287.2) Install

6y 0.25mo4/7/3122/12/257) BLxx-CALIMA

ALBA-Shutdown 1y 9.75mo

1/1/24 4/8/28Buildings

1/1/24 16/1/26BL15-3SBAR

Design+Proc 3sbar 1y 2.75mo

Installation 3sbar Install; Shutdown1y

1/1/24 31/10/25BL-Technology projects

Stability studies and prototyping 2y

Nanoprobe station and prototyping 2y

1/1/24 25/7/31BL02-CODI

Design 3y

Procurement 3y 6.25mo

Installation Install3y 2.5mo

1/1/24 25/7/31BL04-CORUS

Design 3y

Procurement 3y 6.25mo

Installation Install3y 2.5mo

6/1/25 11/8/28BL33-MSPD

Design+Procurement 3y

Install Install1y 6mo

22/12/25 4/7/31BLxx-CALIMA

Design+Procurement 3y

Install 3y

Title Start End Duration 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

CODI

CORUS

Upg-MSPD

Calima

3sbar

Design + prototyping Procurement Installation



• One brand new 4th generation storage ring.
• Construction of 4 new beamlines
• Upgrade of the 13 existing beamlines of ALBA 

Summary
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Thanks!


