
PhD Project: stable resonance islands and their application in light sources 
 
Supervisors: Wolfgang Hillert (Uni Hamburg), Massimo Giovannozzi (CERN) 
 
The use of stable islands in conjunction with proton beams has been probed in detail in recent years at 
the CERN Proton Synchrotron for multi-turn extraction (MTE) and has been put in operation. The experi-
ence gathered at CERN is ready and mature to be transferred to other domains of accelerator physics. 
The 4th generation synchrotron light sources are being constructed worldwide as a new game-changing 
type of x-ray facilities, and DESY is planning the world’s brightest next generation hard x-ray storage ring 
with PETRA IV. Synchrotron light sources offer a unique opportunity to further develop the use of stable 
islands.  Three possible lines of research include: 
• Use of stable islands for generation of variable bunch length beams 
• Use of stable islands for generation of synchrotron light with multiple beams 
• Use of stable islands as a means for effective synchrotron top-up operation and test beam operation 

of the booster 
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Detailed description 

 
The use of stable islands in conjunction with proton beams has been probed in detail in recent years at 
the CERN Proton Synchrotron. The PS multi-turn extraction (MTE) has been put in operation, delivering 
beam to the SPS for the fixed-target physics programme in place of the old extraction mode (the Contin-
uous Transfer, CT). This represents the final step of a long process of detailed studies, on the theoretical, 
computational, and experimental aspects of this novel technique.  
The experience gathered at CERN is ready and mature to be transferred to other domains of accelerator 
physics, and synchrotron light sources seem to offer a unique opportunity to develop further the use of 
stable islands, well beyond the original scope. 
Possible lines of research are briefly outlined in the following: 
1. Use of stable islands to perform top up: stable islands have been already proposed as a means to avoid 

the use of septa magnets. They could be used as a means to perform effectively top up operation. This 
can be achieved by injecting the beam into the stable islands and subsequently by merging them to-
wards the centre of the vacuum chamber, while the circulating beam is used for generating the syn-
chrotron light. 

2. Use of stable islands for extracting the beam from the DESY synchrotron (the booster of thee PETRA 
III storage ring) and delivering to the DESY test beam users in parallel with the PETRA top-up operation 
will be investigated 

3. Use of stable islands to generate beams of different bunch length in the same machine: the optical 
properties of the stable islands can be tailored to generate bunches of different length with respect 
to the nominal beam in the centre. This implies manipulation of the momentum compaction factor so 
that it differs from the value it has for the orbit at the centre of the vacuum chamber. In this case, it is 
assumed that two beams are circulating simultaneously in the ring, thus enabling simultaneous users 
of short and long bunches. 

4.  Use of stable islands to generate synchrotron light with multiple beams: the use of stable islands en-
ables operating the ring with multiple beams (one in the centre and one in the islands). This can open 
the possibility of delivering light to multiple users simultaneously, i.e., using canted experimental lines 
without the need for canted straight insertions. 

 
The deliverables will be in the form of publications reporting the results of the studies carried out. 
 
Experimental programme at the DESY-II and/or PETRA-III facilities is foreseen as well. 
 
The candidate should mandatorily apply to the Gentner Programme 
https://wolfgang-gentner-stipendien.web.cern.ch/wolfgang-gentner-stipendien/de/index.php 
 
The successful PhD candidate will be based at CERN with visits to DESY manly to carry out the experi-
mental programme of the PhD project. 
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