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the three SMART pillars

Task 5.1 MUon colliders STrategy
network (MUST)

Task 5.2 Pushing Accelerator 
Frontiers (PAF) 

Task 5.3 Improvement of Resonant 
slow EXtraction spill quality (REX) 

Coord.: Nadia Pastrone (INFN) Coord.: Frank Zimmermann (CERN),
Giuliano Franchetti (GSI)

Coord.: Peter Forck (GSI)

INFN, CERN, CEA, CNRS, KIT, PSI, UKRI CERN, GSI, CNRS, PSI + JGU Mainz GSI, BI, BT, CERN, HIT

Support the effort to design a muon 
collider and to project and plan the 
required R&D.

Significantly improve the performance of 
lepton and hadron accelerators

Mitigate intensity fluctuations of slowly 
extracted beam from synchrotrons by 
means of detailed parameter simulations, 
related experimental verifications, and 
active beam control

Consolidate the community devoted to 
developing an international future 
facility.

Identify novel accelerator opportunities 
and possible implementations

Produce a prototype of improved 
hardware for power supply control to 
achieve a current stability in the range of 
∆I /I < 10-6.

Prepare the platform to disseminate the 
information 

Define a roadmap for long-term 
accelerator R&D

Design and produce a high-performance 
RF-amplifier with versatile control for 
knock-out extraction.

Task 5.2 Pushing Accelerator 
Frontiers (PAF) 



Task 5.2 Pushing Accelerator Frontiers (PAF) 
• Main tools: topical workshops and dedicated prospective studies

• Overriding goal: survey frontiers of classical accelerators and develop long-term strategies

for boosting the performance of future facilities and for overcoming limitations

• Thrust 1: networking on novel intense positron sources, providing a                      

“condensation point” for the worldwide positron-source community 

(CNRS – Iryna Chaikovska)

- different methods of e+ production, both classical techniques & especially novel/exotic ones

• Thrust 2: survey extreme beams and ultimate limits, and examine approaches to overcome

the present limits on beam brightness (CERN – Frank Zimmermann, GSI – Giuliano

Franchetti)

- space-charge compensation or cooling, crystalline beams,..

- review the ultimate limits on high-gradient acceleration,

high-field bending, beam size, beam density, and luminosity - IPAC’21 paper!



Task 5.2 Pushing Accelerator Frontiers (PAF) – cont’d 
• Thrust 3: artificial intelligence for accelerators, exploring applications of machine learning,

deep learning, advanced optimization algorithms and neural networks, for accelerator

control and design (PSI – Rasmus Ischebeck)

• Thrust 4: accelerators for “dark sector”& precision physics

(CERN – Christian Carli, GSI – Bernd Lorentz)

- accelerator/beam requirements for dark-sector searches in fixed-target experiments

- investigating current precision frontier accelerator developments, such as EDM ring designs



Task 5.2 Pushing Accelerator Frontiers (PAF) – cont’d 

Thrust 5:  green accelerators, sustainable accelerator concepts, e.g. energy recovery, energy 
efficiency, and possibly particle (e.g. positron) recycling (CERN, GSI, CNRS, PSI, + JGU –
Florian Hug) 

WP5 - Task 5.2 PAF synergies: 

with Task 5.1 MUST: positron sources, ultimate limits, and particle recycling ..

with the Task 5.3 REX: dark sector fixed-target experiments and machine learning …

→ PAF will develop a coherent landscape for future accelerators and 

issue targeted R&D recommendations 



planned PAF workshops

• Extreme Storage Rings Workshop 
(ESRW22) – virtual – beginning of 
February, see draft poster

• PAF brainstorming & strategy workshop, 
in March

- possible topics:
- gravitational waves & storage rings
- mitigation of synchrotron radiation
- advanced concepts & projects 
- machine learning 
- requirements for dark sector 



D5.1: International collaboration plans towards a multi-TeV muon collider

Report on established collaboration and results disseminated by the action [MUST]
M46

D5.2: Roadmap for future accelerators

Strategy for intense positron sources; R&D plan towards ultimate
beams; State of the art and possible directions for crystalline beams;
Strategy and requirements for EDM ring or other precision
experiments; Roadmap for accelerator AI; State of the art and future
roadmap for green accelerators [PAF]

M42

D5.3: Ripple mitigation for slow extraction beam quality improvement

Simulation results for improvements including their experimental verifications, and
design considerations of the accelerator control with related hardware. [REX]

M46

WP5 deliverables



MS15
International workshop on muon source 
design

5.1 M18

MS17
Beam requirements for dark-sector 
searches

5.2 M18

MS18
Present and future AI accelerator 
applications

5.2 M24

MS20
Engineering design of improved power 
supply current measurement and RF-
amplifier layout

5.3 M24

MS16 International workshop to define R&D plans 5.1 M36

MS19 Ultimate hadron-beam brightness 5.2 M48

WP5 milestones





… we are 
on the way ….



WP5 PAF publications
• F. Zimmermann, R. Assmann, M. Bai, G. Franchetti, Review of Accelerator 

Limitations and Routes to Ultimate Beams, IPAC’21

• G. Franchetti, F. Zimmermann, Could "Flakes" of Neutral Paramagnetic or 
Dipolar Molecules Explain Beam Losses in the LHC?, IPAC’21

WP5 PAF presentations
several invited talks on the motion of neutral molecules, and/or the use of 
storage rings for detecting or generating gravitational waves
e.g. 
G. Franchetti at CEPC workshop, SLAC theory seminar, JGU Frankfurt, 
IPAC’22 …
F. Zimmermann at  4th LeCosPa Symposium 

https://accelconf.web.cern.ch/ipac2021/papers/tupab027.pdf
https://accelconf.web.cern.ch/ipac2021/papers/thpab233.pdf

