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TOUSCHEK LIFETIME CALCULATIONS

S. L. Kramer

The Touschek lifetime calculated by Bruck(l) Eq. 30.17
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is proportional to N(t). Therefore, the functional form of N(t) is not
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exponential, but rather given by
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where N, = N(t = 0) the number of particles in the bunch at time t = 0.

Since T is usually calculated for N = Nj
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At time t = Tq, the number of particles in the bunch is N(t = TT) = 1/2 Ny,
i.e., T; is a half lifetime. Then the time to decay to el is

Te = 1.7183 1. Care must be taken in using Eq. (1) because of the normalized

units used for APx and APrf
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and Y = relativistic gamma =



A simpler expression for Eq. (1) is
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where € ( ) C(e) = 1n(__€_.) - 1.5 and V = (4m) 0.9,0;

The program ZAP(3) and BEAMPARAM(A) calculate 1/TT by averaging the
rate over the lattice functions. BEAMPARAM doesn't allow for momentum aper-

tures other than rf bucket heights (Gprf) and calculates Tp only for the zero
a c E .
current bunch length [0£ = (f-)] ZAP allows an arbitrary gg and also 6p
s o

physical apertures for both dispersive and non-dispersive sections of the
lattice. To compare the difference in Ty for these different calculation
methods, the CDR lattice for the 6-GeV light source was used with a momentun
aperture set by an rf bucket height of 1.98%. The resulting Ty from BEAMPARAM
and ZAP with the zero current bunch length of gy = 0.62 cm are plotted in
Figure 1. Agreement is typically within 2%. Also shown are Ty calculated by
ZAP for bunch lengths of gy = 1 and 2 cm. Two data points (labeled Bruck) are
plotted in Figure 1, which are the result of calculations using Eq. (2) with
gy = 1l cm and the average values of Bx and By for the lattice. These data are
10 to 15% greater than the values calculated by ZAP, which averages the loss

rate over the lattice.

Figure 1 indicates an expected increase in lifetime as the bunch
lengthens, and the energy spread increases., This is primarily an effect of
the decrease in charge density within the bunch which causes a decrease in the
collision rate. However, the Bruck theory doesn't integrate over the momentun
spread of the bunch and therefore doesn't account for an increased loss of
particles closer to the rf separatrix. This effect is expected to be a small

correction to the theory.
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Figure 1. Touschek lifetimes as a function of average bunch current

calculated for the CDR 6 GeV light source lattice with Gprf/p
= +1.98% and zero current bunch length of Oy = 0.62 cm (GE/Eo
= +0.1%). The solid curves are the results from the program
ZAP with 0p = 0.62, and 1 and 2 cm. The dashed curve is the
result from the program BEAMPARAM with o, = 0.62 cm. The two
data points are from the calculations using Eq. (2) (Bruck
Eq. 30.17) with Op = 1 cm and the average B, and By for the
CDR lattice.



