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This investigation has been stimulated by the question, to what extent beam 
disruption of two penetrating SLC bunches will modify the initial angular dis
tribution of the incident beam, and wether the tails of the outgoing beam will 
be significantly enhanced and will lead to in< i< SUMHI losses in the vincinity of the 
detector (rcf.l). We will try to answer this question in three steps. 

1.Deflection in an Undistorted Bunch. 

Disruption is caused by thf electro-magnetic forces during hunch interception 
and modifies both, spatial and angular distributions i,f the two bunches. For 
negligible deformation of the b'.,Kl:ca dan<-g the interception the deflection of 
an electron passing a bunch can be expressed in an analytic ansatz (ref.2). The 
deflection angle Ax' for an electron with zero incidence angle x'in = 0., and at a 
distance x with respect to the the collision axis is given by 

&x 

with JV number of electrons in the bunch 
re classical electron radius 2 . 8 1 8 . 1 0 - 1 5 m 
ax transverse bunch dimension (Gaussian) 

7 relativistic factor 
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The finding is that the deflection angle is finite and that there is a maximum angle 
A-3?max- By evaluating the arithmetic expression at its maximum at x = 1.585<rz 

we obtain 

2Arr 

AaV,.* = - ^ 0.4513 

The maximum angle "without pinch" is displayed in Figs. 1,2. 

2. Deflection in a Disrupted Bunch. 

The above result is valid for round and nondisrupted bunches, colliding head-
on, but the description still holds for the case of Hat and/or olfset beams(ref.3). 
On the other hand, in the event of a pinch provoking bunch deformation the 
process is no longer described analytically and has to be followed in a simula
tion procedure (ref.4). The behaviour of the bunches during the this process is 
parametrized by a dinicnsionless beam disruption parameter 

where ox is the longitudinal bunch dimension. From the simulation we retain the 

following quantities: 

< Ax' > mean disruption angle (SD) 
Az'moj maximum disruption angle 

Table 1 and Fig.l show the variation of disruption angles with D, for bunch 
collision without incidence angle. D is in effect only a measure of the bunch 
intensity, given fixed width of ax = 1.2 micron and length of az =• 1.0 millimeter. 
The row containing the disruption parameter D = 1.34 confirms the computation 
of R.Hollebeek (ref.5). This value represents bunch intensities of N = 7.1010. 
Table 2 and Fig.2 contain the same quantities for a bunch width of ox = 2.4micron 
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as a function of D. Note that the angles depend differently than D on the three 
independent parameters, namely ax,oy and N. 

3. Disruption for Large Incidence Angles. 

We now turn to the original question of deflection of particles with large inci
dence angles. The incident bunch is usually described by a 3-dimensional normal 
distribution in configuration space with the widths ax , av and ax, and its angular 
spread by a 2-dimensional distribution with ax> and av< (ref.6). For computational 
reasons the lattice describing the bunch in the simulation extends only to 2.5a 
and does not describe the behaviour in the bunch tails, in particular the tails 
of the angular distribution. Therefore another procedure was implemented. We 
assume that spatial and angular distributions can be factorized; then we define 
an additional "test lattice" with gaussian spatial shape limited to 2.5c, incident 
at a fixed (large) angle. The density of the test lattice is set low so that it does 
not contribute to the disruption process. The test lattice accompanies bunch 1 
and intercepts together with it the opposite bunch 2. We observe the behaviour 
of the test bunch during the disruption process and we determine the parameters 
of this process as a function of the angle of incidence. In a second step we per
form the convolution of this empirically determined disruption distribution with 
the incident emittance distribution. We follow the simulation for two sets of SLC 
conditions: 

(l)"nominaI SLC" N = &101<Vs = 1.2 microns, aM = 1.0 mm, i.e. D = 1.0 

(2)"initial SLC" N = 5.1010,ox = 2.4 microns, at = 1.0 mm, i.e. V = 0.25 

Table 3 shows the disruption properties at fixed incidence angles x'in for 
"nominal" values of SLC performance, i.e. condition (1). We observe a slow 
systematic drift in the mean and maximum deflection angles towards smaller 
values, consequence of the test bunch crossing zones with opposite fields. We 
observe also that the maximum angles remain symmetric with respect to the 
incident direction. For limited precision we can parametrize the distribution by 
a triangular or parabolic form between the extreme angles, where the choke of 
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the precise form is unimportant, exept the value of the maximum angle. Then 
we can perform a convolution between the gaussian incidence and the chosen 
disruption distribution, resulting an exit distribution. The two normalized input 
distributions and the result of the convolution are displayed in Fig.3. Table 4 
and Fig.4 present the corresponding results for for "initial" SLC parameters, i.e. 
condition (2). 

One important conclusion is that the convolution with the finite disruption 
distribution drops faster and leads to lower tails than the representation by a 
Gaussian with a width composed by quadratic addition of the widths of emit-
tance and disruption angles, ax> = <J< sj„ > + < Aa:' > s . For condition(1) the 
crossing point is at 1.8 mrad, and the convolution is below the Gaussian addition 
by an order of magnitude at x' = 2.3 mrad, whereas for condition(2) the con
volution is below the quadratic addition by an order of magnitude at 1.4 mrad. 
— Another question asked is which fraction of the disrupted beam would hit a 
mask with a 2.5 mrad aperture radius. This fraction is 10~* for condtion(l), and 
of the order of 10"1 4 for condtion(2), the latter certainly beyond the validity of 
these estimations. 

References: 

1. W.Kosanecki et al.,Final Focus Masking and Coltimatton (FFMC) Group 

2. RBambade, These ORSAY LAL 84/21 

3. P.Bambade, SLAC CN-303 

4. R.Hollebeek, NIM 184 (1981), pages 333-347. 

5. R.Hollebeek, SLAC CN-39 

6. R.Hollebeek and A.Minten, SLAC CN-301 

4 



Table 1. Disruption properties for x'in — 0.0 
D < A** >[mrad] As'maslmrad] 

0.00 0.00 0.00 

0.25 0.16 0.30 

0.50 0.35 0.86 

0.75 0.53 1.51 

1.00 0.73 1.82 

1.34 0.96 2.13 

1.50 1.04 2.26 

2.00 1.23 2.62 

The bunch dimensions are ax = 1.2 micron,^ = 1.0mm. 

Table 8. Disruption properties for x'in = 0.0 
D < Ax' >[mrad] Ax'maz[tnrad] 

0,00 0.00 0.00 

0.25 0.31 0.62 

0.50 0.67 1.50 

0.75 1.07 3.02 

1.00 1.46 3.60 

The bunch dimensions are ox = 2.4 micron,<r2 = 1.0mm. 

NOTE that for fixed bunch dimensions D scales with N, and that D = 1.0 
means N = 2.1011 electrons for bunch dimensions in table 2. 



Table S. Diaruption properties for D = 1.0 
sjjmrad] < Ax 1 >[mrad] Ax r

m o j [mradl 

0.00 0.75 1.82 

0.50 0.75 1.78 

1.00 0.72 1.86 

1.50 0.66 1.78 

2.00 0,54 1.55 

The bunch dimensions are ax = 1.2 micron,^ = 1.0mm. 

Table j . Disruption properties for D = 0.25 
i j jmrad] < Ax' >[mrad] Ax' m f t I [mrad] 

0 00 0.32 0.60 

0.50 0.32 0.61 

1.00 0.31 0.61 

1.50 0.31 0.60 

2.00 0.30 0.58 

The bunch dimensions are ax = 2.4 micron,at = 1.0mm. 

*-
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