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Abstract.

This paper gives the general expression for
U and V defined by LNS 1) for coherent radial ins­
tabilities in a uniform rectangular pipe with hori­
zontal resistive walls. The stability threshold is
evaluated for Saturne (Nth'" 5 1014 p).

1 - Introduction.

density is uniform along the x and y directions.
The small radial perturbation of the closed orbit
has the form exp(i (ky - wt)]. This gives rise to
charge and current sources :
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where:
A is the charge per unit length of the beatn,
~ is a constant ( ~ ~<: ~),
G(z) is the particle density distribution normalized
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The resulting electromagnetic fields will be
calculated2) by superposition of :

-. - ..
- the fields (E" ' B.. ) generated by p" and j within

perfectly conducting walls ((1'" ... 00), ..... -- the fields (E1 , B1 ) having no charge and current
sources, within perfectly conducting walls,
except for ~e w.:,ll at z = - ly2,

- the fields (E., Bs ) having no charge and current
sources, within perfectly conducting walls,
except for the wall at z = + ly2 •.. ..

(E.. ' B1 ) are solutions of Maxwell's equations
z

y

2 - Electromagnetic fields.

The unperturbed beatn, with dimensions
(Do l 't'), is supposed to be centred in a rectangular
vacuum chamber (fig. 1). The unperturbed charge

Coherent radial instabilities have been ob­
served within the flat vacuum chambers of several
synchrotrons. A tentative explanation for these
phenomena consists in taking into account the mo­
tion of induced charges in horizontal resistive
walls, i. e., calculating the electromagnetic fields
acting on the particles so as to enhance their ra­
dial betatron amplitude. This mechanism was ex­
tensively used by LNS 1) for the case of coherent
vertical instabilities.
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The present analysis is an extension of their
paper leading to expressions for the characteristic
quantities U and V connected with the stability
threshold and the e-folding time. Using the LNS
criterion ~S ~U, this threshold for Saturne, is
",300 times larger than for vertical instabilities
and far above the present limitation on the machine.

2



- 368 -

'J = (2q + 1) ~

- - - iwhile (E

1
& ' :1 ):e:en(~ :nil)Y~:AI (i. e. I = 0).

I x - .. Y

E = +(1 _i)AI BJy - V\ i x
which a e valid on the walls z = :: hj2, one has
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The averaged radial force per unit charge is then

< ~ >= 1~1 (E. + vB, ) G(z) dz
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with

3 - Coefficients of the dispersion relation.

The quantities U and V defined by LNS 1) in the dispersion relation
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4 - Numerical evaluation for Saturne. Conclusions.

The parameters of Saturne, corresponding
to the energy at which radial coherent instabilities
are observed,are the following:

rr z 't"
(14)

{ :~ cos
TT ~ for Izl< 2"

G(z) =
elsewhere

and wN(n - V) W ( 15)
x 0

it is easy to compute U and V.

The octupolar component of the field n'~ is
deduced 3) from n (x, t) beam measurements
which gave : ~2

nil "" 20 m (without extra octupoles) (21)
o 14

so Nth IV 5 10 protons. (22)

This limit is far larger than the threshold
for coherent vertical instabilities [(3-26a) from
LNS gives Nth~2xl012 protons which is about 5-6 times
the observed thresholdJ. Thus, with approximations
used in this linear theory (no coupling, azimuthally
uniform pipe with no electrodes, uniform density in
the x-y direction, etc) the coherent radial insta­
bilities observed at ~1012 particles seem unrelated
to the finite resistivity of the horizontal walls.
The influence of the vertical walls, though quite
remote from the beam, ;emains to be checked.

* h' "d ~ 1 .T 1S prov1 es IUvl/Ny ~~. H.G. Hereward p01nted

out in a private discussion during the Conference
that this ratio should be ~ ~. So this figure has to
be checked again.

(16)

(E - E tV 130 MeV)
(field ?ndex n tV O. 6)

o

0.1 m

[3 = 0.478

~ - 0.72
R/f' ~ 1. 3
n = 1
h ,..., A tV

~/h ,.., 1/2
W/R- 1/25
h/W IV 1/5

Using the distribution:

One obtains with these parameters

'~I IV 1.44 10-9
5-

1 *

Y. IV 4. 1 10- 12s- 1
N

The LNS criterion of stability being
~S ~ U

. ~ S = (n - ~) 12
with .!:& A I ...1. @c~l dtIb

~S 1\1 Wo cl x 2 ( 2") = 64 r~ dxl.

the stability threshold is

Nth'" 2. 5 10
13

n"o

(17)
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