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1) Formulae for protons

The protons pass several electron bunches in one interaction region.

The corresponding linear tune shifts produced by one bunch are given by
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N, = number of electrons per bunch, r = classical proton radius

Y = proton energy in units of rest energy

a
x,z p = amplitude function for the protons in the point, where the

protons pass the electron bunch

o = Standard deviations for longitudinal, horizontal and verticals , z , z
dimensions of the bunch, 2$ = angle between the beam directions,

s =» distance from the center of the interaction region.

The modified Bessel functions I , 1/ 9 of order n + 1/2 can be represented

by exponential functions.

The formulae are derived with Y2 >> l and under the condition that the
p,e

Variation of the amplitude function is small within one bunch length, i.e.

a « ß The Variation from one bunch to the next may be arbitrary.
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For s = 0 the formulae simplify to

An = xop _ (3)
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For s 40 and an approximately round eleccron beam the tune shifts due to

the long ränge forces are
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2) jormulae for electrons

For the tune shifts produced by an unbunched beam formulae are known only
2)

for the case where the beam cross section is round . Introducing different

amplitude functions for the electrons and protons one obtains:
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N = number of protons of the beam

C = circumference

r = classical electron radius
e

Z = lenght of the interaction region

ß 3 ß amplitude functions for protons and electrons
op' xoe, zoe

in the center of the interaction region

3) Numerical values

If one assumes the following beam parameters

* 3 MW)

N = 6,2*1014 (*12A),

= ß = 200 cm
xop zop

= ß = 50 cm
xoe zoe

v = 120 y = 30 000
P e

o = a = a = a =0,016 cm
xop zop xoe zoe

a = 1 , 5 cm £ = 2 1 , 5 m
s

s = n • 30 cm , n = 0, ± l, ± 2, ... ±36

one obtains for the tune shifts

AQ = 3,9-10~'+ AQ = - 4,2-10~"

AQ = 0, l l AQ - - 0,079

3 1 — 2
With these values the luminosity is about 3*100icm sec





If these tune shifts should be to large the transverse deflecting field at

the interaction point (£ = 2 m, R = 200 m, B(15 GeV) = 2,5 kG) can be

applied. In this case the interaction length is reduced by a factor of 10

which reduces the Q-shifts by an order of magnitude.
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