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Scientific Program : Structure of the workshop

Monday: Hamiltonian microscopic models and mean field theory 

Tuesday: Numerical methods and simulation studies of intense beams

Wednesday: Experimentl results on intense beams and FEL

Thursday: Theory and experiments on intense beams and electron clouds
î M. Giovannozzi: Resonant multi-turn extraction: principle and experiments

î E. Métral: Observation of octupole driven resonance phenomena with space charge 
at the CERN Proton Synchrotron

Friday: Overview of recent projects
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M. Pusterla, “Non-conventional approach to beam dynamics in 
heavy-ion accelerators” (1/2)

The theoretical analysis of charge particle beam is almost 
entirely based on classical mechanics and electromagnetism

However, the presence of many particles in each bunch (~1012, 
~1013) generates several phenomena which cannot describe 
correctly because of the unpredictable initial conditions of the
particles in the various bunches and several interactions 
among them

IBS
Beam-strahlung
Fluctuations of space-charge contribution
At a macroscopic level: magnet imperfections and 
misalignments
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î A non-conventional formalism was proposed and justified 
theoretically, that combines the determinism of classical 
mechanics with a stochastic process î Beam-lifetimes, beam 
losses and a halo creation can be predicted

The approach leads to a nonlinear, and then linear 
Schrodinger equation for the motion of the charged particles 
(Nelson’s stochastic mechanics) with a completely different 
interpretation of the fundamental parameters in the equation

î Ex: The Planck constant is replaced by the normalized 
emittance…

M. Pusterla, “Non-conventional approach to beam dynamics in 
heavy-ion accelerators” (2/2)
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Interesting discussions for the new CT extraction of Massimo (1/4)

Based on adiabatic trapping of particles into stable islands
3 regimes may in fact appear

At the beginning of the process the adiabatic theory is 
not valid. Another theory has to be applied î Contact 
with A. Neishtadt (the author of the adiabatic theory) from 
SRI-Moskow
In the 2nd regime the adiabatic theory works
In the 3rd regime, at the end of the trapping and 
separation of the islands, the idea would be to reduce the 
chaotic region (which will lead to emittance growth)
î Contact with Y. Elskens (from Univ. Marseille), C. 
Chandre (from CPT-CNRS, Marseille) and C. Ciraolo (CEA 
Cadarache), who published a paper on the control of 
Hamiltonian systems î They succeeded to create 
barriers to diffusion
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Interesting discussions for the new CT extraction of Massimo (2/4)
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Interesting discussions for the new CT extraction of Massimo (3/4)



Elias Métral, RLC meeting, 23/09/05 8/20

Interesting discussions for the new CT extraction of Massimo (3/3)

î
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Y. Senichev, “Hamiltonian formalism for halo investigation in 
high intensity beam”

He applied Hamiltonian formalism together with standard 
theory of perturbation. Using Courant-Snyder together with 
Floquet method, he obtained the self-consistent system of 
equations

î The model of the halo creation was developed
î This was done without external nonlinearities. The 
nonlinearity comes here from space charge
î The analitical formula for the emittance growth has been 
derived
î The analitical and the numerical results have been 
compared and a good agreement was observed
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R. Warnock, “Study of Bunch Instabilities by the Nonlinear 
Vlasov-Fokker-Planck equation”
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G. Franchetti, “Particle trapping by nonlinear resonances and 
space charge” î He added the effect of chromaticity

î The presence of chromaticity makes the vicinity of the 
resonance more unstable
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S. Lund, “Space charge and transport limits of ion beams in 
periodic quadrupole focusing channels” (1/4)
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S. Lund, “Space charge and transport limits of ion beams in 
periodic quadrupole focusing channels” (2/4)
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S. Lund, “Space charge and transport limits of ion beams in 
periodic quadrupole focusing channels” (3/4)
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S. Lund, “Space charge and transport limits of ion beams in 
periodic quadrupole focusing channels” (4/4)
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C. Benedetti, “Collisional effects in beam dynamics ” (1/2)

î He looked only at IBS here. It may be important to understand our 
experiments on the Montague resonance (dynamical crossing)



Elias Métral, RLC meeting, 23/09/05 17/20

C. Benedetti, “Collisional effects in beam dynamics ” (2/2)
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P.R. Zenkevich, “A New algorithm for the kinetic analysis of 
intra-beam scattering in storage rings” (1/3)

IBS includes:
1) Multiple IBS
2) Single-event IBS (Touschek effect). This effect is out 
of frame of this report

Multiple IBS results in:
1) Transfer of energy from hot transverse degrees of 
freedom to cold longitudinal one
2) Slow growth of 6-dimensional beam emittance due 
to dispersion function and modulation of Twiss
parameters
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Gaussian model :
Simulation of rms invariants evolution is based on 
assumption that the beam has Gaussian distribution on all 
degrees of freedom.
Numerical codes for rms invariants evolution:

- Mohl and Giannini, Katayama and Rao.
- BETACOOL (IBS+e-cool+Beam-Target Interaction 

(BTI)).

Why we need kinetic description?
- Solution of kinetic equation is not Gaussian with 

account of boundary conditions (particle losses).
- Non-linear or stochastic effects (for example, e-

cooling or beam-target interaction) could result in Non-
Gausian tails.

- These Non-Gaussian tails can be essential; for 
example particles in tails can significantly influence on 
detector noises in colliders.

P.R. Zenkevich, “A New algorithm for the kinetic analysis of 
intra-beam scattering in storage rings” (2/3)



Elias Métral, RLC meeting, 23/09/05 20/20

MOnteMOnte--CArloCArlo Code (MOCAC)Code (MOCAC)

The single known three-dimensional numerical code for IBS 
study is MOCAC code (Zenkevich, Bolshakov). 
MOCAC program is based on idea to change the real IBS by 
a set of  artificial “scattering” events constructed such a 
way that the average   invariants rates are  same as due to 
real IBS process: so named Binary Collision Model (BCM).
Main drawback of the code: we need in large number of 
macro-particles and large computer time.
Here we proposed some approximate “Approximate Model”
(AM) where we calculate a motion of the macro-particles in 
assumption that the beam is Gaussian one. 

P.R. Zenkevich, “A New algorithm for the kinetic analysis of 
intra-beam scattering in storage rings” (3/3)


