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 LEAPS Storage Ring based Lightsources & Partners

e SOLEIL 2017 workshop — defining technology roadmaps / work packages
 What happens since then?

* Present collaborations between LEAPS Labs & Partners

e First ideas for future LEAPS collaborations
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LEAPS storage ring based light source facilities & partners
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First ideas for a technology roadmap (SOLEIL Workshop 2017, ...)

Goal: to define technology roadmap, valid for 7 years, starting 2021,
worth some 100 Mio€ of funding ...

extrapolate from the present activities (funded upgrades) to a more distant future

take into account the needs of upgrades of existing facilities and new facilities presently
under study / preparation / discussion (most likely some of them will start before outcome
of Technology Roadmap is there — ESRF-EBS = done ©)

do that as a joint activity, demonstrating that we are able and willing to join forces
(together with industry) to advance our field

identify and define common requirements and standards
concentration on some major “technological developments”
joint effort of FEL, Storage Ring, new Compact Sources (aka PWA)

Com pact}l
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e.g. work package magnet development & industrialisation

resistive magnets of many different kinds
- high gradient, “combined function”, ...

ESRF | The European Synchrotron

MG quadrupole Combined function

DipoleQs (DQ) P . . . ..
- relying on highest manufacturing precision
o . - precise magnetic field measurement
- q oo for development work and quality control
. "\ ] . - are we at the limit? What next?
HG quadrupole Cictupole || | \acuum Chamber i
80T T 150-200 T/m
= AR In- vacuum
) = .
~ Iy — Cryogenic cooling (LN;)
— PrieE Magnets

permanent magnets

- large scale installation
- stability, field quality

- longterm rad. hard.

FEL :

Compactul B

i
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e.g. work package nc/sc cavities

S-band Crab cavities

sc / nc. crab cavities
- short photon pulses
- bunch separation

SLAC

* APS-SPX SRF Crab cavities
% _“‘ e Fermilab

)

Argonne

@8 Lunin, et al, LINAC2014
Courtesy of Haipeng Wang (JLab) Conway. el al, IPAC 2014
i . MIR crab cavity by Fermilab/ANL:
Mark-1 crab cavi Jlab Q
o Z M\Fcpr:r caviltr:{l;ys -:: Up to 2 MV per cavity (0.5 m)
Dense spectrum HOMs, big and Few HOMs, simpler cryomodule,
expensive cryomodule, Large impedance (smaller V-aperture).

SLAC

~» BESSY VSR

Helmholtz-Zentrum Berlin

18-cell S-Band traveling wave deflector for LCLS T-cell NC crab cavity for SPEARS
Zenghai Li, SLAC

sc cw multi cell, high gradient cavities
- short electron pulses

- beating schemes for variable pulses
-usage in DLSR ?

* nc/sc cavities with a variety of frequencies

e from some 10 MHz up to 2 GHz for ultimate
control of the longitudinal phase space!
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e.g. work package insertion devices

* advanced in-vacuum CPMU
- polarized photons (APPLE /11l type)
- shorter period length

* in-vacuum SC Undulators, polarized (?)

» special “dipole” / WLS like devices for “hard bending radiation” from DLSRs
- with traceable field quality, e.g. for metrology applications

HZB 9mm-Prototyp 2 with )
hybrid poles (FeCo & PrFeB) DELTA Undulator force free P.M. IDs, fixed gap IDs

SC He“cal Malnmasnﬂ_s-;.' _.r' _'_ 1 ;.'=15m;1.l.=1f5m.

| lwjo force cancellation

g

, w/ force cancellation

Wagnatic Farce (kgf)

R
Gap (mm)

Periodically magnetized
single piece magnet  Takashi Tanaka, Shigeki Yamamato et al

F _' Funding for ID development became (partly) reality
— LIDS — LEAPS ID Pilot (see talk M.-E. Couprie)
ompact
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The full view after collection of ideas for all differen

Total cost _ hTopic

Proposal Submitting Authors Labs interested in R&D estimate 'S:;:’E'lc roton
Mio€ C=compact
L. . . M.E. Couprie (SOLEIL) SOLEIL, PSI, DESY, ELETTRA, ESRF, HZB,
SR R TS T. Schmidt (PSI) Diamond, Maxlab, ALBA, ANKA 334 SF.C
High Gradient/Field magnets with very small ALBA, ASTRID, HZB, Elettra, DESY, ESRF,
e P. Tavares (MAXLAB) MAX IV, PSI, SOLEIL 10.6 S,C
Seed laser systems M. Danailov (ELETTRA) DESY, ELETTRA, EU-XFEL,HZDR, LNF, PSI 3.5 F
Electron bunch control
(advanced bunch compressor, Laser heater, S. Di Mitri (ELETTRA) DESY, ELETTRA, EU-XFEL, MAXLAB, PSI 2.9 F,C
collimation)
- S. Werin (MAXLAB) ELETTRA, PSI, DESY, SOLEIL, MAXLAB,
Advanced schemes for tailoring FEL pulses E. Allaria (ELETTRA) Eu-XFEL, DESY 14 F,C
Low emittance Photo-injectors HZB, DESY, HZDR, PSI, ELETTRA, LNF,
(cw/sc and pulsed/nc) T. Kamps (HZB) MAXLAB 12 F.C
LEAPS accelerating techniques cwRF H. Weise (DESY) DESY, EUUXFEL, NCNR (Poland) 6.1 F
FEL tests stand .
(either stand-alone or attached to existing M.E. Couprie (SOLEIL), SOLEIL, DESY, ELETTRA, PSI 24-41 F
B. Faatz (DESY)
FEL)
DESY, EU-XFEL
. Frank Stephan ! ) )
Tunable high power THz source for Eu-XFEL (DESY Zeuthen) (+large number of'pote.n'tlally collaborating 5 F
universities)

Wity e | e veE cher T. Schmidt (PSI) ALBA, DESY, PSI, ANKA, SOLEIL, 10 SF

C. Herbeoux (SOLEIL)

DIAMOND, MAXLAB
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The full view after collection of ideas for all different work packages (Il)

Topic

. . . Cost estimate | S=synchroton

Proposal Submitting Authors Labs interested in R&D Mio€ FoFEL
C=compact source
Injection systems for low dynamic aperture ALBA, Elettra, DESY, HZB, ESRF,
rings (kicker and pulser) R. Bartolini (DIAMOND) MAXLAB, PSI, SOLEIL 6.5 S
. Jens Knobloch,

8 me e (e sy lengih @eaiel C06 | o 2 o ALBA, DESY, HZB, MAX IV, SOLEIL 15.9 S,F
systems

G. Rehm
Diagnostics and Feedback for advanced (DIAMOND) RGO, Ele;;'aégf;,LMAX IV, ESRF, 8.9 SE
photon beam stability R. De Monte (ELETTRA) ! ’ !
Sub femtosecond timing and synchronization S. Hunziker (PSI) PSI, DESY, ELETTRA 2.5 F,C
Joint R&D on compact plasma accelerator for R. Assmann (DESY), M.
photon science (context EU design study Ferrario (INFN), U. DESY, INFN, HZDR, ..., EUPRAXIA (EU) 45 C

EuPRAXIA)

Schramm (HZDR)

Consortium (38 institutes)
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What happened since 20177

« ESRF EBS commissioned, in user operation since 08/2020

« Elettra 2.0 funding decision in 2018, working on DDR, start implementation 2025
e SLS 2.0 CDR 2017, preparing for funding decision (Swiss parliament) 12/2020
« PETRAIV CDR 2019, TDR to be delivered 2022

e Diamond-Il CDR 2019, working on TDR

o SOLEIL upgrade, working on CDR

« BESSY Ill / MLS Il (combined “green field” facility), working on CDR
 SOLARIS working on new full energy injector for TopUp

 ALBA upgrade (low emittance) design started

« MAX IV first thoughts toward upgrade to 10 keV diffraction limited photons

o CLS start TopUp operation 06/2021, working on CLS2 CDR

Sorry for anything forgotten or not knowing everything!
Maybe an indication, that more regular LEAPS
storage ring sub-group meetings could help ;)
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Some general trends (my personal view) are visible

» in general aiming for much lower emittances (200pm, 100pm, 10pm)
(the name of the game)

» some trend to go for (somewhat) higher beam energies
Diamond-Il: 3.0 — 3.5 GeV, SLS 2.0: 2.4 — 2.7 GeV, BESSY Ill: 1.7 — 2.5 GeV,
MLS II: 0.6 — 1.2 GeV, ...

on axis injection

» need for advanced longitudinal phase space manipulation to provide
- long bunches under all conditions to maintain emittance goal and guarantee
reasonable lifetime
- ps bunch length (some need visible).

Y

» vacuum apertures 10-20mm with resp. reduced magnet apertures, NEG coating,
guadrupole gradients 100 T/m, permanent magnets for dipoles/multipoles, digital
twins, ML, Al, ...
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The “LEAPS Technology Collaboration(s)” — What can we do?

We all are involved in an continuous, ever lasting R&D process in accelerator
science and technology to provide new capabilities and improved performance and
stability to our international user communities.

Building on the (world leading) accumulated expertise of all LEAPS partners, | am
convinced that in an collaborative effort it is possible to harvest strong synergies,
gain more efficiency, and be more labour and cost effective in the development of
new concepts, technologies (and in purchasing the required hardware?).

And that we all as individuals have still fun and gain reputation ©.

On the mid- to long-term this effort may find support by funds of the European
Union, but even without | believe in the strength of such collaborations.
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Already existing collaborations between LEAPS e
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And for sure many more between LEAPS labs, partn
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» Efficient and sustainable magnets with high gradients / fields (and PS)
EM / PM / Hybrid, tuneable, dipole / multipole-magnets for our upgrade projects
- data base of all existing magnets designs and performance parameters (from prototypes to series

magnets)
- definition of joint requirements and standards (where possible)
- shared / distributed responsibilities for different “standard” devices (together with industry?)

» Cauvities for efficient longitudinal phase space manipulation

active/passive nc/sc cavities for bunch lengthening (and shortening)
- theory and experimental studies for “complex” systems
- cavity development (including auxiliaries and RF transmitters) and testing (low power, hlgh power,

beam tests)
» Advanced Diagnostics and Feedbacks for photon beam stability “on the probe”
Integration eBPMS, xBPMs, “probe cameras” / advanced feedback (usmg ML, Al)

- Concept development
- Hardware development (Photon beam stability monitors ?)
- System tests
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Possible R&D topics — personal summary

e On axis injection concepts and hardware
(NL kicker, Ultra-Fast kicker/pulser, ...)

« Beam loss management and control
(collimators, shielding, beam loss & rad. measurement, ...)

 Low aperture vacuum components
(NEG coating, advanced handling procedures, ...)

 Round beam generation / Multiple Orbits = TRIBs
(emittance coupling with resonant skew excitation, advanced beam optics & dynamics, ... )

* Advanced optimisation / automatization procedures
(design / commissioning / operation — ML/AL, ...)

and of course as follow-up to LIDS

 Advanced Insertion Devices / Radiators
(in-vacuum APPLE, variable period systems, APLLE-Knot, SCUs, SuperBends, ...)
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and many thanks for input from:
ALBA, HZB/BESSY II, CLS, Diamond, Elettra, ISA, MAX IV, DESY/PETRA IV, PSI/ SLS2, SOLARIS
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