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Abstract 
Based on the numerical solution of the Fokker-Plank 

equation we study the effect of longitudinal damping on 
the modulation of the bunch length in a storage ring with 
high RF voltage and momentum compaction. 

INTRODUCTION 
Reduction of the bunch length at the Interaction Point 

(IP) is very important for achieving very high luminosity 
in the electron-positron colliders with head-on collisions. 
A dynamic bunch length in the ring can help to avoid 
wake field effects [1]. We study the possibility of the rf 
focusing for the bunch shortening at the Interaction 
Region (IR) of a Super B-factory with low impedance 
cavities [2]. 

COMPUTER MODEL 
In computer simulation we solve the Fokker-Plank 

equation of longitudinal motion of particles in a storage 
ring 
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Phase distribution function ( , , )t x pψ ψ= is a function of 
canonical coordinates: relative longitudinal position x and 
relative longitudinal momentum p. We assume that 
magnets are uniformly distributed in the ring  
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E is a beam energy, ρα is a momentum compaction. 
The radiation damping 1D  and the diffusion parameter 2D  
have also uniform distribution in the ring. We may define 
them as a function of a radiation damping time dτ  and 
steady state energy spread eσ  
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Time derivation of the longitudinal momentum is the 
force of the rf and the wake fields ( , )RFF t x  and  ( , )WF t x

T n= =

 
( , ) ( , )RF Wp F t x F t x= +  

We assume that all cavities are concentrated at the rf 
region (RF). A bunch passes this place at the 
time t n , where T is the revolution period. 
RF region is opposite to IR, so the time when a bunch 
passes IR is

; 0,1,2...

; 0,1,2...2
Tt n .The rf force is 
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The wake field force consists of the main three parts: the 
cavity wake fieldsV , acting naturally at RF region; the 
IR wake fieldsV , acting at the IR and the resistive-wall 
wake fields uniformly acting along the ring 
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We include the IP wake fields because they are almost 
unavoidable due to the conjunction of the electron and the 
positron ring chambers.  

For solving the Fokker-Plank equation, we use same 
computer algorithm, which was used for the stability 
study of the longitudinal motion in a ring [3], [4] and in 
simulations of electron cloud multipacting in a solenoidal 
magnetic field [5].  

WAKE POTENTIALS 
A low impedance cavity allows achieving higher 

threshold for the multi-bunch longitudinal instability. We 
studied different kinds of superconducting cavities, which 
can be used in a Super-B project [6]. In these simulations 
we use the wake potential of a cavity, which has shunt 
impedance R/Q of 12 Ohms at the main resonance 
frequency of 956 MHz. We used code “NOVO” [7] for 
calculating the wake potentials of a very short, 0.25 mm 
bunches in order to do dynamic simulations of a 1.8 mm 
bunch. The shape of a low impedance cavity and the wake 
potential of a 0.25 mm bunch are shown in Fig.1. 

 
Figure 1: Wake potential of a 0.25 mm bunch and the 
shape of a 12 Ohm cavity. 

It can be seen that the wake potential of this cavity has a 
capacitive character that may lead to a bunch shortening 
on contrary to resistive-wall wake potential (Fig. 2) that 
has an inductive character and produces an opposite effect 
- bunch lengthening.  T n= + =

For the IR we chose the PEP-II IR wake potential, 
assuming that the Super-B IR will be very similar to the 
PEP-II IR. This wake potential is shown in Fig. 3.  IR 
wake fields are very strong fields. Beam energy loss of a 
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bunch of 1.8 mm length in IR is comparable with the 
HOM energy loss in the twenty low impedance cavities. 

 
Figure 2: Resistive-wall wake potential of a 0.25mm 
bunch. 

However, the main energy loss comes from the resistive-
wall wake fields.  The energy loss in a copper vacuum 
pipe (45 mm) is equivalent to the energy loss in the 45 
cavities. 

 
Figure 3: IR wake potential of a 0.25 mm bunch. 

The cavity and the IR wake potentials of a 0.25 mm 
Gaussian bunch are used as primary wake functions for 
the calculating of the quasi Green functions. Wake 
potential of a bunch of an “arbitrary” shape is calculated 
as the convolution of the quasi Green function and the 
bunch density distribution. Details of using quasi Green 
functions can be found in the reference [3]. To calculate 
the resistive-wall wake potential we use analytical 
formulas [8]. 

PARAMETERS OF THE RING 
The luminosity gain of the Super B Factory comes from 
the increase of the beam currents and shortening the 
bunch length. The beam energies are 8 GeV for the high-
energy ring (HER) and 3.5 GeV for the low-energy ring 
(LER). In this paper we will study only LER longitudinal 
single bunch dynamics. The proposed total beam current for 
LER is 23 A, that corresponds to a bunch current of 3.3 mA 
or a bunch charge of 24.3 nC. The momentum compaction 
and the total rf voltage may verify to get the bunch length of 
1.8 mm. We assume that bending radius ρ  in all magnets is 
13.5 m, so the energy loss per turn due to synchrotron 
radiation according to [9] is 
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( eλ - electron Compton wavelength). 
We also assume that one cavity can supply 1.5 MV to the 
beam, and then the number of cavities will be 
proportional to the total rf voltage. 

RF FOCUSING 
Keeping momentum compaction 0.001α ≈ we need 

voltage of 66 MV (44 cavities) to make bunch length of 
1.8 mm. This combination of parameters moves a 
synchrotron tune closer to the half-integer 
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(harmonic number h=6984 ) and the dynamics effects 
become more noticeable. Simulation results are displayed 
in Fig. 4, which shows a bunch phase portrait (left plots) 
at the different ring locations. A bunch shape is shown in 
the right plots with wake potentials.  

 
Figure 4: A bunch phase portrait (left plots) and a bunch 
shape (blue line) at different ring location: after the IR, 
before and after the RF, and before the IR. Green line 
shows the wake potential. 



Fig. 5 shows relative position of a bunch at RF and IR 
through the several damping times. 

 
Figure 5:  Relative bunch position at RF and IR. 

A spectrum of synchrotron oscillations is shown in Fig. 6. 
The synchrotron tune is very close to the previously 
calculated value. The spectrum also contains the second 
and the third side band due to the bunch length variation.  

 
Figure 6: Synchrotron spectrum.  

The bunch length is shown in Fig. 7. It approaches 1.85 
mm in IR and 2.1 mm in RF. Here the RF focusing effect 
is only 13 %.  

 
Figure 7: Bunch length in RF and IR.

 
 Finally Fig. 8 shows the formation of the bunch energy 
spread. It approaches same value in RF and IR; however, 
it is larger than the initial number by 8 %. 

 
Figure 8: Bunch energy spread in RF and IR. 

APPLICATION 
As an application to other projects, we simulate the 

strong rf focusing experiment at DAPHNE [10] with 
some assumptions for the wake fields. We found very 
good agreement with a bunch compression number. Also 
we got very good agreement with multi-particle tracking 
simulation of rf focusing [1]. 
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