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SOLEIL as of today [1/2]  
SOLEIL: The French national 3rd Generation Light Source 
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SOLEIL as of today [2/2]  
SOLEIL lattice Today and Challenges for its Upgrade 
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Upgrade lattice study evolution [1/2]  
Lattice eH0 [pm] Conference 

4BA using LGBs (24 existing straight sections non-altered) 980 IPAC2012 

5BA-4BA (24 existing straight sections non-altered) 520 IPAC2013 

5BA-4BA (24 existing straight sections non-altered) 440 IPAC2014 

7BA-6BA using LGBs (24 existing straight sections non-altered) 145 IPAC2015 

7BA-6BA using RBs (24 existing straight sections quasi non-altered) 206 IPAC2016 

7BA-6BA using the ESRF hybrid type lattice (24 existing straight sections kept 

but shortened) 
220 IPAC2017 

20(7BA ESRF hybrid type lattice) 72 IPAC2018 

20(7BA Higher-Order Achromat lattice) 76.5 IPAC2019 

An approximate formula for TME in a 
ring composed of alternating M1BA and 
M2BA cells. 
0  : Total bending angle per cell  
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Upgrade lattice study evolution [2/2]  

● Inspired by the ESRF hybrid lattice, a 7BA-6BA structure adopting this scheme was studied (7BA in 
SDL-SDM and 6BA in SDM-SDC-SDM cells) 

● Goal was to find a solution allowing the standard off-axis injection with good lifetime, by keeping 
the existing 24 SSs (Straight Sections) (SDL, SDM and SDC). 

● A solution giving the emittance of 220 pm was found by shortening the SSs to some extent:                                          
(12  9 m,  7  5 m,  3.8  2.8 m) 

  It was concluded that eH = 220 pm is too high for the effort needed to get this solution 

A 7BA-6BA lattice employing the ESRF hybrid scheme and keeping the existing SDL, SDM and SDC sections (2017) 
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7BA Hybrid versus 7BA HOA [1/2]  

Hybrid 
cell 

HOA 
cell 

With specific values of  
(Dfx, Dfz) = 2p(3/7, 1/7) 

unit HOA cell 

Two representative MBA lattices developed and employed in the community that 
integrate linear and nonlinear optimisations in their structures, were compared for M = 7: 

In both cases, the ring is 
composed of 20 identical 
cells with the free straight 
section length of 4.4 m 

Hybrid 7BA symmetry 20:   
ex = 75 pm.rad, tTouschek ~ 4 h 

HOA 7BA symmetry 20:   
ex = 76 pm.rad, tTouschek ~ 15 h 

Both lattice schemes gave 
satisfactory symmetric 20-cell 
solutions in terms of 
- Emittance 
- Dynamic acceptances 
- Robustness 
- Beam lifetimes 
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7BA Hybrid versus 7BA HOA [2/2]  
●   A 20-cell 7BA hybrid solution possessing symmetry 4 with 4×6 m + 16×4 m straight 

sections was developed,  giving  ex = 74 pm.rad   and   tTouschek = 1.8 h 

●   Inclusion of canted and double waist optics in one long straight sections    Results 
rather promising 

However, mechanical engineering studies revealed that there are yet 6 to 8 shielding ratchet walls 
and as many BLs (out of 24) that are geometrically in a serious mismatch 

 Using the “modularity” of HOA cells, studies launched to explore a 20 cells MBA-NBA HOA 
that best matches the geometric constraints and fulfils the performance requirements 

   20 cells 7BA-4BA HOA defined today as the SOLEIL upgrade CDR reference lattice  

  Symmetry was reduced to 2 
with 4 different straight lengths 

 
  A much better beamline (BL) 

parallel positioning obtained : 
Offsets : -105, ±35  and 0 mm 
for the 2 long canted BLs. 
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Present CDR reference lattice [1/3]  

Entire layout of  
the CDR lattice: “HOA 7BA-
4BA symmetry 2” 

Main characteristics of the magnets 
used for the CDR lattice 

  Permanent magnets for dipoles and reverse 
bends 

  Need of strong sextupoles and octupoles 
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Present CDR reference lattice [2/3]  

On-momentum Frequency Map Analysis (FMA) 
at injection point 

Off-momentum Frequency Map Analysis (FMA) 
at injection point 

Left: Local energy acceptance along ¼ ring 

(t)Touschek at 500 mA: 
   ~3.5 hours 100% coupling  
   ~1.5 hour 10% coupling 
w/o bunch lengthening 
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Present CDR reference lattice [3/3]  

Half physical aperture along 
the ring including in-vacuum 
insertion device gaps 

Studies of 

  Lattice tuning flexibility 
 1st-turn steering 
 Robustness against errors 

launched with specific BPM-
correctors (dipolar, normal and 
skew quadrupolar) 
configurations 

Baseline of  f = 10 mm beam pipe 
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Injection schemes developed [1/2]  

Left: Horizontal beta bump for betatron off-axis injection with tunes (54.20, 18.20). Right: Horizontal dispersion bump for synchrotron 
on-axis injection with tunes (54.16, 18.16) 
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●  In betatron off-axis injection, nonlinear 
tune shifts with amplitude are adjusted to 
enable “dissonance” for the injected beam 

●   Two injection schemes are developed and studied at SOLEIL using a MIK (Multipole 
Injection Kicker), with the experience of developing one which gave success at MAXIV: 
                  “betatron off-axis”  and   “synchrotron on-axis” injections 

●  In both schemes, beam is injected to a ring 
tuned to a coupling resonance and the 
stored beam is fully betatron coupled 

   In both cases, MIK 
deflection at Dx = -3.5 mm 
from the stored beam 
location 

   Injected beam at d = -2%  
for synchrotron on-axis 
injection 
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Injection schemes developed [2/2]  

H and V beam envelopes over 900 turns after injection for both injection schemes, w/o error at injection nor in storage ring. Ring 
working point is set at full coupling. (eH)inj = (eV)inj = 5 nm.rad, sL = 25 ps for betatron and  35 ps for synchrotron injections 

  Positive aspects Negative aspects 

Betatron off-axis 

 Allow straightforward implementation in 

injection straight 

 Pulse magnets specs comfortable 

 Sensitivity to lattice errors 

 Need of a large DA 

 Injection beam envelops have smaller margins 

against ID gaps 

Synchrotron on-axis 

 Relaxed DA requirement 

 Less sensitivity to lattice errors 

 Reduced injection beam envelops  

 Explicit lattice modifications with a dispersion 

bump 

 Need of larger off-momentum DAs 

 More demanding MIK specs 

  Both schemes to be pursued further  
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Collective effects [1/2]  

Impedance model 
considered for the 
collective effect 
simulations: 

Estimated 
longitudinal 
impedance 
(imaginary part) 

●  Major contributions (RW, 

Tapers, …), but there are 

elements not yet designed and 

included (Injection, Feedback, 

…). 

 

●  So far, only the main cavity  

tapers and the BPMs are on 

the watch list for heating 

concerns. Tapers shall be 

redesigned to reduce its 

impedance (nonlinear tapers) 

and a thermal study of the BPM 

will indicate if the present 

design is acceptable or not. 
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Collective effects [2/2]  

RMS energy spread versus single bunch current, w/o and 

with harmonic cavity lengthening 

Vertical resistive-wall threshold in multibunch without HC 

lengthening 

●  Microwave thresholds using the obtained 

ZBB and ZCSR indicate that there are still 
margins w.r.t. the bunch current needed in 

multibunch operation. Thresholds are found 

to rise significantly with HC lengthening 

●  Thresholds of transverse instabilities (TMCI, 

headtail and resistive-wall) are found to be 

very low with small chromaticities (e.g. 

(Ith)RW ~7 mA at x = 1.6) . However, with 

several sources of Landau damping 
(headtail, HC lengthening, optics 

nonlinearities, …) and transverse feedback, 

the nominal currents are expected to be 
reached. 

●  Studies on HC-driven instabilities shall be 
presented by Alexis Gamelin later this 
afternoon 
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RF system  
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• Main RF cavity: use 4 Normal Cavities (ESRF-EBS type 
is a good candidate) in a 4.2 m straight   PRF = 4 x 
75 kW         

• Redundancy : one can easily meet the requirements 
with only 3 of the 4 cavities in use. 

• Harmonic RF system: h = 3, 4 or 5. The favored  

one is presently a passive SC system, based on the  

Super3HC CM. 
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Magnets  
●  Great challenge imposed on the SOLEIL Upgrade:  Magnet bore diameter of 16 mm 

needed for high gradient magnets required for the targeted emittance 

●  All dipoles shall be made of permanent magnets 

●  All reverse bends and most of quadrupoles shall be made of permanent magnets 
●  Sextupoles and octupoles shall be electromagnets, integrating dipolar (in sextupoles) and 

quadrupolar (both normal and skew in octupoles) correctors 

Quadrupoles (left) and reverse bends (right) Sextupoles 

Combined-function dipoles  
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Vacuum, girders  

Challenges on the vacuum: 
  Traditional linear distributed pumping  not possible. 
  Less « standard » pumping space available    only few 

ionic pumps along the ring! 
  More than 95 % of the ring chambers must be NEG coated. 

10 mm inner diameter chambers foreseen along the lattice 
(not only on straight section) 

  Beam-based study launched on the balance between 
photon-stimulated desorption and NEG pumping speed for a 
10 mm diameter chamber 

Dedicated talk by Vincent Le Roux on Wednesday at 14:30 

Girder composition for a 7BA cell currently considered 

  Several scenarios (compositions) studied 
for girders and plinths. Currently 
considered configuration consists of 172 
girders 

  Tolerances for girder to girder as well as 
magnets on girder alignment are being 
studied by beam dynamics and alignment 
groups 
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SR sources & expected performance [1/2]  
  Several specific types of insertion devices (IDs) are developed to enhance 

their performance in different spectral ranges:  

●   VUV and Soft X-rays range:  Crossed undulators, in-vacuum APPLE II and bi-period undulators 

●   Hard X-rays:  Cryogenic undulators 

Spectral performance of cryogenic 
undulators (U18, U15 and U12) 

Crossed undulator for VUV domain (5 – 40 eV), variable polarization, l = 300 mm  

In-vacuum APPLE-III undulator CPMUE32 for 
soft X-rays domain, a full-scale prototype 
developed and being tested 
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SR sources & expected performance [2/2]  
  Dipole magnets and other types of radiation sources:  

Again, the aim is to cover the wide range of photon energies (IR – hard X-rays), including those that 
the majority of the present dipole beamlines are using with the 1.7 T dipoles 

Studies being made on introduction of; 

  3 T superbends 

  1.7 T double superbends 

  1.7 T 3-pole wiggler 

  IR extraction from 0.7 T (long) dipoles 
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Tentative planning and objectives 
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Summary 

●  With the aim of reducing the horizontal natural emittance  eH0 of the SOLEIL ring to below 100 
pm.rad, a 7BA-4BA HOA symmetry 2 lattice was developed and defined as the CDR lattice. 

●  With the modularity of the HOA lattice, the combination of 7BA and 4BA cells allowed fitting the 
new ring into the existing beamline source points to the extent that no ratchet wall modifications 
in the storage ring tunnel are needed. 

●  The choice of HOA however requires strong magnetic fields, which led us to choose the beam 
pipe of f = 10 mm. All engineering designs (magnet, vacuum, diagnostics, …) are being made 
accordingly and their feasibility assessed. 

●  Two injection schemes (off-axis betatron and on-axis synchrotron) developed with the use of a 
MIK appear promising for the CDR lattice, allowing sitting on a coupling resonance. More to be 
studied. 

●  Despite the small beam pipes assumed, first studies on collective effects found no critical issues 
of beam-induced heating and beam instabilities. Importance of HC bunch lengthening and 
transverse feedback in mitigating them was confirmed. 

●  More than a factor of 40 reduction in eH0  along with the ongoing innovative SR source designs  
(IDs and superbends) resulted in a significant gain (typically more than two orders of magnitude 
in brilliance) in the SR performance over a wide range of photon energies covered by SOLEIL. 



Thank you for 

your attention 
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