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ICFA 65th Beam Dynamics Workshop
� Biannual meeting, had to skip 2020 and 2021 due to covid-19 pandemic
� 13 Working Groups

� Indico agenda: 
https://agenda.infn.it/event/21199/timetable/?view=standard

� Mixed format presence (55%)+remote (45%), 96 talks, 112 registered 
participants

� Most of talks related to the huge on-going effort for FCCee and CEPC 
(with some glimpse to EIC). Congratulations!

� SuperKEKB experience presented extensively (very useful for the 
present work on future colliders)

� 2 EXTRA sessions at the end, focused on “Power issues for future 
colliders”, lead by F. Zimmerman. Please go to Indico for slides

� Summarizing here just a few highlights (mostly from SuperKEKB)
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Y. OnishiSuperKEKB experience
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These topics should be considered in CEPC present studies

Issues for reaching design luminosity



FCCee parameters for luminosity
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Lattice Errors and Misalignments
D. Shatilov14 Sep 2022  /  eeFACT2022

D. Shatilov



SuperKEKB optics tuning and issues
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H. Sugimoto



D. Zhou
SuperKEKB bb simulations
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P. RaimondiLessons from ESRF
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Lessons from ESRF, P. Raimondi

Success is (also) a matter of cost!
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Impedance and instability studies at SuperKEKB
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Beam blow-up vs 
collimator aperture

K. Ohmi

Single bunch instability 
driven by bunch-by-bunch 
feedback, corrected by 
tuning the FB



ECE in Phase-3 commissioning (2022)
u The luminosity of each bunch was measured by ZDLM (Zero Degree Luminosity 

Monitor).
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u The electromagnetic calorimeters 
which aim to measure the bunch-
by-bunch luminosity. 

u The calorimeters detect 
electromagnetic showers induced 
by photons or positrons from the 
radiative Bhabha scattering.

u As seen in the figure, the bunch luminosity 
seems to be flat along the train, and there is no 
apparent "long-term" change for each train, 
which would be resulted in due to the beam-size 
blow-up caused by the ECE. (2/1173/2.04RF)
u A piece of supporting evidence that there is no 

beam size blow-up caused by the ECE during 
the physics run.

Courtesy of S. Uehara, Belle II

ZDLM

Bunch by bunch luminosity by 
ZDLM

First bunch train
Second bunch train

Bunch

Bunch

Mitigation of ECE very successful, what about with design beam current?

ECE in SuperKEKB, Y. Suetsugu
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Direct Wind Application: SuperKEKB IR Correctors and Spin Rotators

Skew-Quad

Dipol
e

Solenoid

Coil Cross Section at Skew-Quad Center

Solenoid Field 4.85 T
Skew Gradient 24 

T/m
Dipole Field 0.2 T

Combined Field @ 
Skew-Quad is 6.15 T

Iop = 729 A
Iq = 1050 A

for 69% Short Sample

Skew-Quad Coil
Pseudo-3D
View

1.4 mm Dia. 
NbTi 7-Strand 

Cable

Spin Tracking
Direct Wind Corrector 
for the SuperKEKB IR
BNL wound the 43 corrector and cancel coils for the SuperKEKB Upgrade.
Have US/Japan collaboration funding to explore increasing IR
aperture at a critical point with a new corrector package and to wind
correction coils for a possible new superconducting LER Crab Waist
sextupole.
Another interesting prospect allows Belle II to explore a new spin physics
frontier by having longitudinally polarized electrons at the IP. We want to
do this, without moving magnets in the tunnel, by replacing pairs of warm
dipoles on either side of the IR with new superconducting multifunction,
standalone spin rotator magnets.† These spin rotator modules overlay
solenoidal field on the existing dipole bend and a set of integrated skew-
quadrupoles correct the local optics coupling. BNL Direct Wind is a
natural candidate for producing the required multi-function magnetic field
configuration.
†This multifunction coil configuration was first proposed by Uli 
Wienands/ANL.

How to incorporate Spin Rotators in SuperKEKB!

Direct Wind Magnets, B. Parker



FCCee IR CCT (Canted Cosine Theta Quadrupoles)
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QC1L1 is the first and most demanding pair of CCT 
quadrupoles of the final focus system of FCC-ee

Iron-free designCorrectors have also 
been designed

M. Koratzinos

Inspired by SuperB QD0 design, back 
in 2007 (Paoloni, Raimondi, 
Fabbricatore, Farinon, Musenich et al)

Inner bore: 40mm 
(diameter)
Fits outside the warm water-
cooled beam pipe of inner 
diameter 30mm



FCC-ee: positron production

13

Target 
thickness

5 X0 

17.5 mm

Production
rate

~14 Ne+/Ne-

PEDD* f(e- beam)

Deposited 
power

f(e- beam)

－ Conventional scheme: bremsstrahlung and pair
conversion (mainly studied until now)

－ Hybrid scheme: two-stage process to generate positron
beam. Channeling (crystal target) and pair conversion
(amorphous target). Benchmark of simulation codes
and first simulation/optimization studiesà in progress

Schemes under consideration now

*According to SLC experience, W74Re26 material has
a PEDD limit of 35 J/g (safe value to avoid target
failure)

The final choice will be done based on the 
simulated performances

I. Chaikovska

New, advanced concepts for high-rate e+ production are needed



Machine Detector Interface

14M. Sullivan



FCCee MDI & IR design

15M. Boscolo



SuperKEKB BKG studies 
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A. Natochii



FCCee IR HOMs
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A. Novokatski



FCCee cavities options
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F. Peauger



SFR atomic layer deposition
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T. Proslier

Intense work in progress also in collaboration with CERN (IFAST project)



Vacuum studies for FCCee
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R. Kersevan



Beam instrumentation
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Challenge: large scale systems, 
electronics, beam size and 
length measurements



Conclusions (1)
� Future colliders can profit from SuperKEKB experience, 

they should make good use of it
� Beam-beam simulations must become faster (how?) and 

must include many new effects (SuperKEKB experience)
� Accurate design of IR for (different) backgrounds and 

HOMs mitigation is essential 
� Machine alignment is crucial to good performances 
� The injection chain design needs attention, the collider 

performances will also depend on it (ex. 30GeV Linac for 
CEPC is a good choice)

� Flexibility (parameters, lattice design) and stability are the 
keys to efficient operation and good performances à it is 
not cheap!

� Success will depend (also) on the money spent (see ESRF 
experience)
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Conclusions (2)
� New and innovative RF solutions are still being developed
� SuperKEKB and LHC are providing essential lessons
� Forward planning such as Snowmass and European strategy 

emphasize R&D, facilities, workforce development, 
collaborations and energy efficiency

� New materials and processes are essential for realizing 
ambitious new projects, R&D now will make that possible 
(needs funding!)

� High efficiency RF sources are becoming reality, including 
klystrons and SSA’s

� Beam instrumentation and diagnostics should be planned 
ahead, not as an afterthought

� Vacuum design relies more and more on advanced materials 
and coatings. (NEG, amorphous Carbon, beam screens etc.), 
e.g. ESRF
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EXTRA sessions
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Backup
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Sustainability and carbon footprint studies

26F. Zimmermann

https://www.carbonbrief.org/

https://www.carbonbrief.org/


EIC RF cavities
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R. Rimmer



CEPC 1.3 GHz cavity
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J. Zhai


