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Introduction: Motion in the DR

The motion of the particles in the CLIC damping rings can be expressed through 3 invariants (and 3 phases).

Transversal invariants:
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Introduction: Intra-Beam Scattering in DR

IBS is the effect due to multiple Coulomb scattering between charged particles in the beam:
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Introduction: Conventional theories of IBS

Conventional IBS theories in Accelerator Physics (Bjorken-Mtingwa, Piwinski) derive T, by the formula:
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1. The particle distribution is inserted from outside the theory.
2. Theintegral is too complicate.
In practise, the integral has been solved only for Gaussian particles distribution.
In this case the formulas for the growth times reduce to:
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Growth rates are calculated at different points of the lattice and then averaged over the ring:
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IBS studies for the CLIC Damping Rings

Goals:

1. Follow the evolution of the particle distribution in the DR (we are not sure it remains Gaussian).
2. Calculate IBS effect for any particle distribution (in case it doesn’t remain Gaussian).

In January 2009 we started a collaboration with P. R. Zenkevich and A. E. Bolshakov, ITEP, Moscow, Russia

In 2005 they wrote a code (MOCAC) calculating the evolution of the particle distribution in presence of IBS.
(P.R. Zenkevich, O. Boine-Frenkenheim, A. E. Bolshakov, A new algorithm for the kinetic analysis of inta-beam scattering in storage
rings, NIM A, 2005)

In April 2009 we started the development of a tracking code computing the combined effect of radiation damping,
quantum excitation and IBS during the cooling time in the CLIC DR (Software for IBS and Radiation Effects).

We decided to implement the Zenkevich-Bolshakov algorithm (from MOCAC) for IBS calculation in
SIRE.
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Intra-beam Scattering
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Intra-beam Scattering

Let us take 2 colliding particles in the beam:
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The transformation matrix to the Beam Rest Frame is:
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Intra-beam Scattering

Applying the rotation of the system:
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Rutherford Cross Section

Rutherford formula: Rutherford Cross Section:
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Intra-beam Scattering

Average momentum change: Coulomb logarithm:
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Energy Conservation
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Software for IBS and Radiation Effects

* The lattice is read from a MADX file containing the Twiss functions.

* Particles are tracked from point to point in the lattice by their invariats (no phase
tracking up to now).

* At each point of the lattice the scattering routine is called.

» 6-dim Coordinates of particles are calculated.
° * Particles of the beam are grouped in cells.
* Momentum of particles is changed because of
° scattering.
° ° « Invariants of particles are recalculated.

Radiation damping and quantum excitation are calculated at the end of each loop:

AT

Aep(i) = — (Ek(i) — 262) — i=1,.... im‘rparr't

10/13/2009

'k

A. Vivoli, M. Martini IBS studies 13
for the CLIC DR



Scattering routine

The coordinates and momenta of the particles are generated from the invariants.

Pz o ®s are randomly generated uniformly in [0 2x] for each particle.
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Intrinsic random oscillations in SIRE
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SIRE: Results (on proof lattice)

Simulation proof of a Damping Ring:
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Initial distribution:
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Conclusions

* A new code to investigate IBS effect in the CLIC damping rings is being
developed:

Benchmarking with conventional IBS theories gave good results.
Calculation of the evolution of emittances gives reliable results.

Presence of bugs in the calculation of the distributions, not due to the
IBS routine.

Refinements of both IBS and quantum excitation routines will be
implemented.

Improvements for faster calculation are being studied.

« A full simulation of the current DR lattice will be performed soon.
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THANKS.

The End
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