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disruption factor D can be defined as

Abstract
The paper presents a program with a Graphical User Interface for solving the luminosity spectrum and the differential luminosity. Instead of using the particles-in-cells
method, the code is based on analytical solutions and experimental results. The user creates with the GUI an input data
file, which contains only a few numbers of parameters, such
as the beam size at the IP, the number of particles and the
center-of-mass energy. The beam, with a round or elliptical
cross-section, is described by a uniform or a gaussian density function in transverse and longitudinal direction. In all
cases the program makes use of the analytical solutions for
the beam-beam energy loss, the deflection angle, the luminosity spectrum and the differential luminosity. The results
for several Linear Collider designs and different disruption
numbers are obtained and compared with other numerical
solutions. The numerical examples demonstrate clearly the
accuracy of this method.
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INTRODUCTION

The luminosity L in Linear Colliders during the interaction
of e+ e− beams is not constant. At the interaction point (IP)
L is dependent on the time and will be different from L0 .
There are two different kinds to analyse the change of luminosity:
1.) The first part we consider a spectral representation
of the luminosity which is investigated in dependence of
the center-of-mass-energy for the colliding electron and
positron beams. On the basis of the beamstrahlung effect
the energy loss influences the bending of the trajectories.
The whole center-of-mass-energy decreases during the collision and define an energy range of an undisturbed Ecm0
to a center-of-mass-energy with maximum radiation loss
Ecm = Ecm0 − δmax . In this range we assign every energy value to a luminosity number, this relation is called
the luminosity spectrum L. The spectral representation of
the luminosity L is a function of the center-of-mass energy
Ecms . We found, that the center-of-mass energy Ecms decreases during the penetration process (Ecms ≤ E0cms ).
This entails a spread of the luminosity spectra to smaller
center-of-mass energies.
2.) Instead of the spectrum the luminosity is analysed in
the time domain, usually with the derivation dL
dt = f (t).
In the calculation we distinguish between two regimes,
the weak-focusing regime corresponding to the disruption
range D =]0, 1] and the transition region D =]1, 10]. The
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Figure 1 shows L10 dL
dt as a function of time for the disruption D = 0.7, the time t is in units of σz /c.
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Figure 1: Differential luminosity
D = 0.7.
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2 THE GRAPHICAL USER INTERFACE
The methods for solving the luminosity spectrum and
the differential luminosity are being integrated into a
single, flexible, easy-to-use software system, called HeShBeam. The interface is based on the tool Tcl/Tk due
to J.Ousterhout [5] for developing graphical interfaces.
It is independet of the numerical code. This software is
intended to support all steps involved in the examination of
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ALGORITHMIC KERNEL

Let us briefly discuss some of the essential steps of the algorithmic kernel of HeShBeam. The computer program is
divided into subroutines carrying out the following task:
1. If the set of parameters satisfies
N σx,y
1
γu σz

Figure 2: Input-window with file menue to open an existing
file.
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2. Which regime, the weak-focusing regime or the transition region ?
3. Determine the average relative beam-beam loss :
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Figure 3: Result-windows: Table with average values, luminosity spectrum and the differential luminosity.

the luminosity change at the IP by state-of-the art numerics
and visualization.
The first official version of HeShBeam has been released
in January 1997, still isn’t complete, the full version for
Unix and Win95 will be available in June 1997.
HeShBeam is run in an interactive mode where the user
types in commands and parameters to initiate and control
the solution process and to view or output the results.
First, the user creates with the input-window only a few
numbers of parameters, such as the beam size at the IP
(σx , σy , σx ), the number of particles per bunch N , the
center-of-mass energy E and the betatron function at the
IP (βx∗ , βy∗ ). Each parameter-file can be saved and changed
in the input-window (figure 2).
The menu in the input-window (figure 2) contains the commands run,load,save and exit. The command run
starts the numerical calculation and the results appear in
another window, as shown in the figure 3.
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4. The spectral representation of the luminosity L is a
function of the center-of-mass energy Ecms . This
entails a spread of the luminosity spectra to smaller
cms
center-of-mass energies. An expression of x = EE0cms
which consists of two areas was determined.

L1 for 1 − δmax /2 ≤ x < 1
L(x) =
L2 for 1 − δmax ≤ x ≤ 1 − δmax /2
(10)

L1 (x) = L0 (1 − x) + (1 − x) ·

· (ln(δmax ) − ln(1 − x) − 2 ln 2) (11)
L2 (x)


= L0 δmax − (1 − x) − (1 − x) ·

· (ln(δmax ) − ln(1 − x)) ,

(12)

where δmax is the maximum energy loss of the beambeam radiation.
5. Differential luminosity:
For the transition region we derived the equation
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4 CONCLUSION
In this paper we have presented our program HeShBeam.
The results obtained from ABEL, SCHROEDER, HeShBeam for TESLA1, SLC, NLC are in agreement, but
there are some discrepancies with the results of RBEAM,
TRACKIT, HeShBeam for TESLA1-3. More detailed analysis of our results is available [9][10], but due to space limitation it is not included here.
5

REFERENCES

[1] P. Chen. Disruption effects from the interaction of round
e+ e− beams. Phy.Rev.D,Volume 38,Number 3,S.987-1000.
1988
[2] H. Heydari. Elektrodynamische Kontinuumstheorie der
Strahl-Strahl Wechselwirkung. Habilitation. TU-Berlin
1995
[3] H. Heydari, H. Schulte. Calculation of the Luminosity Spectrum and the Differential Luminosity. Fifth European Particle Accelerator Conference(EPAC).Barcelona 1996
[4] J.D. Jackson. Klassische Elektrodynamik. Walter de
Gruyter. Berlin New York 1983
[5] J. K. Ousterhout. Tcl und Tk: Entwicklung grafischer Benutzerschnittstellen fuer das X Window System. AddisionWesley (Deutschland) GmbH 1. Auflage, 1995
[6] S. Ritter. The macroparticel code MACPAR to simulate
the beam-beam interaction of high energy electron-positroncolliders KEK Report 85-4. 1984
[7] D.V. Schroeder. Beamstrahlung and QED Backgrounds in
Future Linear Colliders. PhD thesis. Stanford University
1990
[8] D. Schulte. Untergrund durch inkohaerente Paarerzeugung
in Linearbeschleunigern. DESY Hamburg Maerz 1993
[9] H. Schulte. Studienarbeit, Inst.f.Theoretische E-Technik,
TU-Berlin 1995
[10] H. Schulte. Strahlung und Dynamik zweier sich durchdringender relativistischer Elektronenstrahlen . Diplomarbeit, Inst.f.Theoretische E-Technik, TU-Berlin 1996
[11] J. Schwinger. Phy.Rev.75 S.1912-25. 1949
[12] K. Yokoya. KEK Report 85-9. 1985

2605

