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The Synchrotron SOLEIL

* LaboratoiredôUtilisationde Rayonnement Electromagnétique

Source Optimisée de Lumière dôEnergie Intermédiaire du LURE *
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SOLEIL Specificities

A broad spectral range A large variety of characterization methods

A 2.75 GeV Ring
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ESRF-EBS: first upgrade of synchrotron 

light source toward the fourth generation

LEAPS (League of European 

Accelerator-based Photon Sources)

3GLS

4GLS

The SOLEIL II Machine Project
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V20 straight sections for IDs

V8 «super-bends » (1,7 T et 3 T) at the middle  of cell  7BA

VSeveral straight sections a bit longer

The Future Storage Ring
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Spectral Performance of SOLEIL II vs SOLEIL 

Gains are not evenly spread across the portfolio 

of beamlines 

Beamlines on bending magnet sources are more 

impacted (source points are moved upstream)
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A Better Use of the Straight Sections

SOLEIL
SOLEIL II

Broader photon spectra

10 eV - 1500 eV

50 eV - 2500 eV

ID in series
Dual IDs
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Chronology and Structuration of Project SOLEIL II

CDR
(Conceptual 

Design report)

TDR
(Technical Design 

Review)

STAGE 1 :

CONSTRUCTION

STAGE 2 :

TOWARDS FULL PERFORMANCE

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Å Shutdown and dismantling of the existing machine

Å Commissioning of the new booster and storage ring

Å Adaptation and restart of the beamlines

Å Information System Overhaul

Å Modernization of the support labs

Å R&D program on instrumentation

Å Complete Modernization of the beamlines

Å Full performance of the accelerators

Å Modernization of the support labs

Å R&D program on instrumentation

Å Evolution towards innovative analysis techniques

Dark 

period

Machine shutdown + restart + commissioning = 24 months

External users come back: Cctober 2030

SOLEIL II Budget 

~ 309 Mú 
(includes 8% 

contingency)

STAGE 1 (6 years) : ~ 186 Mú

STAGE 2 (5 years) : ~ 123 Mú

LPR

50 Mú
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Budget Analysis ïSOLEIL II Stages 1 & 2 
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The Steering Structure of Project SOLEIL II

L. S. Nadolski
(Accel. Physics)

P. Alexandre
(Pow. supply & 

pulsed el.)

K. Desjardins
(Coord. & transv. 

op.)
S. Blanchandin
(Chem. Lab.)

Y.-M. Abiven
(Control & Acq.)

E. Fonda
(Beamline SAMBA)

C. Herbeaux
(Vacuum)
M. Nouna

(Infrastructures)

Program 1.1

Beamlines 
relocation & 
adaptation

Overhaul of the 
Information 

System

Infrastructures 
and Logistics

ĦĦĲũĲƖċƣŸƖƚќШ
construction

Program 1.2 Program 1.3 Program 1.4

A. Nadji & J. Pérez

Project leader
& deputy

Coord:
H. Rozelot(quality)

A. Desport (purchase)
S. Sancerni(finance)
J.-P. Laurent (safety)
+ Progr. deputies

Project Management Office
ÅAssistance
ÅScheduling
ÅResources
ÅRisks
ÅQuality
ÅDocumentation
ÅManagement of changes
ÅBudget
ÅPurchases
ÅSafety

Meeting
(3 weeks) «SC 

SOLEIL-II »

Meeting
(fortnight) 
«PMO»

Meeting
(week) «Project 

Board SOLEIL-II »

J. Susini, J.M. Cassagne,
P. Pereira, E. Pereiro, A. Taleb

Steering 
Committee

Meeting
(1 week) «Strategy 

beamlines and labs»

PMO:
Project Management Office



Scheduling with Orchestra
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28 reconducted beamlines (out of 29)

Relocated: 4 ID + 2 BM beamlines

AILES (THz-IR), CASSIOPÉE, DEIMOS, 

DESIRS, LUCIA, PROXIMA -SB

Re-aligned: 7 BM beamlines

DiffAbs , DISCO (UV-Vis), MARS, 

MÉTROLOGIE, ROCK, SAMBA, SMIS (IR)

Adapted: 15 ID beamlines

ANATOMIX, ANTARES, CRISTAL, GALAXIES, 

HERMÈS, NANOSCOPIUM, PLÉIADES, 
PROXIMA-ID, PSICHÉ, PUMA, SEXTANTS, 
SIRIUS, SIXS, SWING, TEMPO

6 reconducted laboratories

Relocated (2 labs)

Biology, Chemistry

Refurbished (2 labs)
Detectors (?), Optics

Relocated

Re-aligned (1°)

Adapted

Beamlines Relocation & Adaptation Program Objectives

Current 29 beamlines & 6 laboratories at SOLEIL 
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1.2 RAL - Relocation & Adaptation of beamLines et laboratories

1.2.3 тOptics Elements 
Provision
Coord: David Dennetière

1.2.5 тAlignment Strategy and 
execution
Coord: Sebastien Ducourtieux

1.2.13 тBeamlines 
Infrastructures & Utilities 
Implementation Coordination
Coord: Dominique Prieur

1.2.6 тVacuum Elements 
Provision
Coord: Jean-Pierre Duval

1.2.8  - Radioprotected
Hutches Specifications
Coord: Gil Baranton

1.2.12 Beamlines Radiation 
Safety 
Coord: Jean-Baptiste Pruvost

1.2.9 тBeamlines instruments Implementation Coordination
Kewin Desjardins
1.2.9.1 Beamlines Batch 1 - Stéphane Lorcy
1.2.9.2 Beamlines Batch 2 - Guillaume Daniel
1.2.9.3 Beamlines Batch 3 - Fabien Legrand 
1.2.9.4 Beamlines Batch 4 тYoussef Liatimi
1.2.9.5 Beamlines Batch 5 тBenjamin Voisin

1.2.14 тLaboratories Upgrade 
Coordination
Coord: Philippe Hollander

1.2.7 тBeam Monitoring 
Systems Provision
Coord: Martin Chauvin

1.2.4 - Mechanical Systems 
Provision
Coord: KeihanTavakoli

1.2.11 тCables Database 
Management Coordination
Coord: Emmanuel Robert

1.2.1 тBeamlines & Labs Stakes and Challenges

1.2.1.2 - SMIS II / Ferenc Borondics
1.2.1.3 тLUCIA II / Delphine Vantelon
ывь
1.2.1.16 - SAMBA II / Emiliano Fonda
ывь
1.2.1.30 - AILES II / Pascale Roy
1.2.1.31 тPOLARIS II / Pierre Legrand
1.2.1.32 тBiology Lab II / Gabriel David
ывь
1.2.1.36 тOptics Lab II / David Dennetière

1.2.2 - Beamlines & Labs Implementation

1.2.2.2 - SMIS II / TBD
1.2.2.3 - LUCIA II / TBD
ывь
1.2.2.16 тSAMBA II / TBD
ывь
1.2.2.30 тAILES II / TBD
1.2.1.31 тPOLARIS II / TBD
1.2.2.32 - Biology Lab II / Gabriel David 
ывь
1.2.2.36 - Optics Lab II / Cyprian Vozniak

1.2.10  - Beamlines Location 
Drawings
Coord: Filipe Alves

1.2.0 тOrganization and coordination
Kewin Desjardins / Stéphanie Blanchandin
Ass. Sandrine Vasseur



Accelerators Construction Program



Organization
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A Reminder of SOLEIL II Storage Ring Key Features
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1. Non-standard MBA lattice: 12 x 7BA + 8 x 4BA / 2.75 GeV / 354 m / 500 mA 

2. ~90 pm.rad (~54 pm.rad round beam as ultimate goal).

3. 22 straight sections ( 7 different lengths ).

4. Large photon spectrum (far IR to hard X -rays).

5. NEG coated very small vacuum chamber diameter ( 12 mm)
6. Extensive use of permanent magnets (all dipoles, RB and main quadrupoles ).

7. Miniaturization. 

8. Off-axis injection. 

9. High performance Multipole Injection Kicker (MIK).

10. Energy savings and reduced energy footprint.

+
LINAC upgrade

New low -emittance Booster

Innovative Insertion Devices

Quadrupole SOLEIL/SOLEIL II Sextupole SOLEIL/SOLEIL II BPM vacuum chamber SOLEIL/SOLEIL II

An Ambitious Project

+

Strong Expertise

=

Pushing the Limit of Science 
and Technology



150 MeV LINAC Upgrade

A spare buncher manufactured 

by THALES AVS will be installed 

at the Early of 2026.

JEMA Energy delivered in 2024 a first

SSPA-based modulator .

The LINAC accelerator is undergoing a multi-stage upgrade to address 

obsolescence issues and prepare for the SOLEIL II project.

to recover high gradient

performance (15 MeV compared

to 12 MeV today) and get a

spare.

Allow to maintain the nominal beam

energy instead of todayôs66 MeV,

downgraded in case of a klystron failure.

Aim to increasethe LINACenergyand its
transfer line to 150 MeV (insteadof 110
MeV) in summer 2026 to facilitate the
injection into the new low-emittance
boosterof SOLEILII
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A New Low -Emittance Booster Ring for SOLEIL II

19

FODO 16 BA (HOA)Lattice type

Booster of today Booster SOLEIL II

The injection into the SOLEIL II storage ring demands a drastic reduction in transverse 

and longitudinal beam size at the extraction of the booster synchrotron.

140 nm rad 5.2 nm radEmittance at extraction
A value close to the natural 

emittance of SOLEIL storage ring 

(3.9 nm.rad)

Unit cell of SOLEIL II booster

50 ps 25 psBunch length at extraction

SOLEIL II @ SLS-PSI-Villigen - 22-24 October 2025



A New Storage Ring for SOLEIL II
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Parameters SOLEIL SOLEIL II

Energy [GeV] 2.75 2.75

Circumference [m] 354.10 353.98

Maximum Beam Current [mA] 500 500

Lattice Type DBA 7BA-4BA

Cell Number 24 20

Natural Emittance [pm.rad]

Round beam (100% coupling)

3 900

-

90

54

Energy Spread 1.02 E-3 0.93 E-3

Natural RMS Bunch Length [ps] 16.1 9.0

Transverse Damping Times,tx/ty/ts [ms] 6.9 / 6.9 / 3.5 7.7 / 13.7/ 11.5

Momentum Compaction Factor 4.2 E-4 1.06 E-4

Energy Loss per Turn [keV] 917 471

Overall RF Voltage [MV] 2.6 1.7

RF Frequency [MHz] 352.20 352.31

Synchrotron Frequency [kHz] 4.2 1.7

Parameters without insertion devices nor harmonic cavities

7 superbend at 2.92 T and 5 at 1.7 T

Twiss functions (horizontal and vertical beta function in red and blue. 

horizontal dispersion in green) along half of the SOLEIL II storage ring 

circumference.

Upgrade Project of the SOLEIL Accelerator Complex, SRN, 2023

https://doi.org/10.1080/08940886.2023.2186661
A brief introduction to the Synchrotron SOLEIL and its upgrade 

programme . Eur. Phys. J. Plus139, 80 (2024). 
https://doi.org/10.1140/epjp/s13360 - 024 - 04872 - 2

29 beamlines 1 CRYO-EM microscope

Lattice V3633

https://doi.org/10.1080/08940886.2023.2186661
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2
Susini,%20J.,%20Cassagne,%20JM.,%20Gagey,%20B.%20et%20al.%20A%20brief%20introduction%20to%20the%20Synchrotron%20SOLEIL%20and%20its%20upgrade%20programme.%20Eur.%20Phys.%20J.%20Plus%20139,%2080%20(2024).%20https:/doi.org/10.1140/epjp/s13360-024-04872-2


Latest Lattice Developments & Layout Changes 
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Typical 7BA cell

Matching 

Cell

DNL1.02

DNL1.03

DNL1.04

DNL1.05
DNL1.06

DNC1.01

DNC1.07

Sextupoles

Reverse Bend Octupole (QP + QT)

Quadrupoles
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SOLEIL II: 20 Arcs

12 x 7BA + 8 x 4BA

7BA

4BA

Central Bend

« Superbend »

1.7 or 3 T



Beam Dynamics Performance of the SOLEIL II Lattice
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With 30 different seeds:

Å Residual orbit is kept at <100 

um

Å Dynamic aperture is restored

Å Lifetime is restored to ~ 2.6 h



Resulting Total Beam Lifetime

23

Scaling of Touschek lifetime with charge density:

Vacuum lifetime @100A.h assuming pressure 1e-9 

mbar

Å 28.5 h for 416 bunches @ 500 mA

Å 71.3 h for 32 bunches @ 200 mA

Conclusion: 

Å with a harmonic cavity a lifetime of 7-9 hours is 

achieved for 416-bunch modes

Å For 32-bunch mode the lifetime is 2-3 hours

Å Hor. Emittance < 90 pm.rad (with IBS) is achieved

SOLEIL II @ SLS-PSI-Villigen - 22-24 October 2025
[1] V. Gubaidulin, S. E. F. Dellalou, A. Gamelin, S. Habet, L. S. Nadolski, and R. Nagaoka, ñInteraction of intrabeam

scattering, longitudinal wakefieldand a passive harmonic rf cavity in SOLEIL II,ò Journal of Physics: Conference Series, 

vol. 3094, no. 1, p. 012030, Sep. 2025, doi: 10.1088/1742-6596/3094/1/012030. 



Space-Charge in SOLEIL II Storage Ring!

SOLEIL@20mA/b SOLEIL II(416b/32b)

Hor. Emittance (pm) 3900 84

Ver. Emittance (pm) 39 25

Bunch length 

rms (ps)

50 (assumed) 14 /25

Hor. SC tune shift 0.001 -0.006 / -0.017

Vert. SC tune shift 0.006 -0.013 / -0.038

w/o HC w/ HC

w/o SC 2.8 mA 4.8 mA

w/ SC 7.6 mA 7.2 mA

w/ SC w/ IBS 9.4 mA 7.8 mA

More than twofold increase of 

instability threshold currents!

Large space-charge tune shifts 

in SOLEIL II 10-3 to 10-1

[1] S. A. Antipov, V. Gubaidulin, I. Agapov, E. C. Cort®s Garc²a, and A. Gamelin, ñSpace charge effects in fourth-generation light sources: The PETRA IV and 

SOLEIL II cases,ò Phys. Rev. Accel. Beams, vol. 28, no. 2, p. 024401, Feb. 2025, doi: 10.1103/PhysRevAccelBeams.28.024401. 24SOLEIL II @ SLS-PSI-Villigen - 22-24 October 2025

https://doi.org/10.1103/PhysRevAccelBeams.28.024401


Lattice V3631: 3D Mechanical Integration Status (80%)
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Å Consolidation phase

Å Specific extractions for the beamlines

Å Identification of interfaces

Å Preparation of calls for tender
Girder Example



Interfaces: Utilities vs Accelerator Equipment

T7

SYNCHROTRON
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Task force group has been created including all the groups impacted by the design

Standard 7BA cell as a base for the studies
Different cable trays configurations have been considered

Cable trays will be designed for supporting workers

Y. Rahier

L. Marcheville



Cooling safety system  to be defined:

- based on temperature measurements?

- based on flowmeters and flow switches?

- minimum of information for maintenance and 

for on-duty intervention

Water Cooling Distribution Units 
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T7

SYNCHROTRON

Present electromagnet 

configuration:

The coils are independently water-

connected   

Define standard configurations of pre-

assembly for water distribution of magnets

and vacuum chambers (reduce the number or

types).

Y. Rahier

L. Marcheville



Permanent Magnet Based Quadrupoles
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Á Pole tip shape

Á No coils

ÁMore space for thermo-shim

Á Less parts

Á Shunt between poles for adjustment
Á Simpler clamps

Prototype N01

L=100 mm
Prototype N02

L=180 mm

Courtesy of A. BerliouxïA. Mary

Max gradient: 120 T/m

(SOLEIL: 20 T/m) 

SEF 144 quadrupoles



Stability / Alignment Accuracy: Use of Doublets

29

To ensure highly precise magnetic alignment (better than 10 µm) between the sextupoles and the 

correction quadrupoles (whether standalone or integrated within the octupole), these 

electromagnets will be mounted on a common support structure.

Sextupole -Octupole Sextupole -Quadrupole Corrector
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