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Summar

Beam collimation is required in LEP in order to pro-
tect physics experiments from the high rate of out-
drifting electrons due to various effects that limit
LEP beam life times. Very high collimation efficien-
cies are required. Detailed studies, including track-
ing of high energy particles through electromagnetic
showers in the absorber blocks have shown that best
collimation is obtained when using high-Z material
collimators with curved edge surfaces along the beam
direction. Collimators that receive the full beam
intensity, however, cannot be made from high-Z mate-
rial because of the very high deposited energy dens-
ity in 50 GeV electron showers. The optimum solution
for this case is two radiation length aluminium jaws
with curved edge surfaces plated with 10 um of gold.

Introduction

The expected high rate of particle losses due to ex-
ponential beam decay during a store in the LEP colli-
der presents a threatening background source to phy-
sics experiments. Aperture collimation of the high
energy electron and positron beams is therefore
needed in order to localize the particle losses at
predefined positions [1}. As the expected loss rate
is of the order of 108 Hz, while acceptable back-
ground levels are only a few 100 Hz per experiment,
an extremely efficient collimation is required.

In LEP three aperture collimator systems are fore-
seen, initially. One for each transverse plane, lo-
cated at zero dispersion, plus an additional horizon-
tal system at a large dispersion location, intended
to intercept particles lost out of the RF-buckets.
The latter will also serve as a high energy beam dump.

The majority of particle losses are expected to ori-
ginate in the vertical plane due to beam-beam inter-
actions and will spill-out with velocities of less
than 100 ym per turn, typically [2]. Therefore,
most particles will hit the edge of the vertical col-
limator, making the required high stopping efficiency
more difficult.

In a high energy electron-positron collider, further
collimators, apart from the beam collimation system,
are required to protect physics experiments from syn-
chrotron radiation photons and bremsstrahlung elec-
trons produced in the long straight sections around
experiments. In the following we will concentrate on
the aperture collimation system only. The complete
collimator system proposed for LEP in phase I and a
more detailed description of the photon background
protection system can be found in reference [3].

Aperture collimation

Collimation efficiencies have been calculated by
tracking high energy electrons through electro-magne-
tic showers in the collimator block, using the code
EGS [4]. An electron is called 'escaping the block'
when, after interaction with the collimator material,
it re-enters the circulating beam with phase space
coordinates and momentum still falling inside the
ring acceptance. For the momentum acceptance a safe
value of AE/E = 0.05 has been taken.

Figure 1 shows the calculated escape probability of
50 CeV electrons through an infinitely wide absorber
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block as a function of its 1length % in radiation
length (r.1.).
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This punch-through probability falls rapidly down to
10-% over about 2.5 r.l. However, at least 6 r.l.
are needed to reach values below 107%, the stati-
stical limit for EGS calculations. Therefore, where
ever possible, 30 r.l. collimators will be used irn
the following.

The escape probability, however, is substantially
increased for particles incident near the edge of the
absorber block due to the increased probability of
these particles being scattered back into the beaw
before losing much energy (see Fig. 2).
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Fig. 2 Edge effect

This "edge effect” is illustrated in Fig. 3 for
50 GeV electrons incident on a 30 r.l. tungsten or
aluminium collimator jaw. Escape probabilities P(x)
are plotted versus the impact distance x from the
collimator edge, expressed in r.l. As multiple
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Coulomb scattering and bremsstrahlung are the domi-
nating interactions that can lead to an escape, P(x)
is independent of the absorber material when the
impact distance is scaled in radiation length.
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Fig. 3 Escape probability P(x) for 50 GeV electrons

from a 30 radiation length collimator edge.
(AE/E £ 5 %)

For normal incident particles the escape probability
falls below 1 X 1078, at a distance from the edge
of about 1072 r.l1. (see lower curve in Fig. 3).
This means, that a tungsten collimator will have a
transparent edge of only 35 ym wide, while for a
collimator made from aluminium the edge effect ex-
tends over 0.9 mm. Clearly, heavy material absorbers
are needed if good collimation is required for slowly
outspilling high energy beams.

By integrating the curves in Fig. 3 one obtains
average escape probability of 3.9 X 10-4 for
incident beam equally spread over a 100 ym edge of
a tungsten collimator. This value would increase to
4.5 x 10°3 with a misalignment of the collimator
relative to the incident particles of 0.5 mrad (upper
curve in Fig. 3). Although tracking has shown that
about half of the escaping particles are not trans-
mitted through the downstream LEP arc (for a nominal
collimator opening of + 20 oy, the achieved
stopping power is not sufficient, in view of the flux
of outspilling particles expected in LEP.
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The collimation efficiency can be made insensitive to
alignment discrepancies by gently curving the jaw
surfaces along the beam direction. A radius of curva-
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ture of 10 m for a 30 r.l. tungsten block provides an
angular range of the curved surface sufficiently
wider than the combined angular spread of misalign-
ments and trajectory slope-variations over the range
of collimator openings. It also assures that, for im-
pact coordinates outside the transparent edge, the
full absorber length is seen. The escape probability
for a 30 r.1. tungsten collimator with a curved edge
surface of R 10 m obtained from EGS calculations is
shown in Fig. 3 (broken line). The resulting escape
probability averaged over a 100 ym edge is
5.3 x 1074, a considerable improvement compared
to the straight but misaligned block.

To further improve the stopping power of the collima-
tion system, secondary collimators have been intro-
duced in both beam directions at an optimized posi-
tion of about 400 m downstream of each primary arc-
collimator. The opening of these collimators must be
carefully set within the shadow of the primary colli-
mator. A retraction of half a r.m.s. beam width has
been used for the calculations. Tracking of the
escaped electrons and positrons through the LEP lat-
tice gives 80 % to 95 % probability for them to be
intercepted by the secondary collimators, depending
on the plane of collimation and on the aperture de-
fined by the main collimator.

Consequently, the probability for 50 GeV background
particles to escape a two stage aperture limiting
collimator system is of the order of 5 X 10-5 for
electrons and positrons incident on the 100 um wide
transparent edge of the primary 30 r.l. tungsten col-
limator and falls to 5 X 10‘6, if the 1incident
beam is spread over the first millimeter, which con-
stitutes a satisfactory situation.

Beam dumping

When collimators are likely to be struck by the full
intensity high energy beams, as is the case in LEP
for horizontal collimators located in an arc, they
cannot be made of many radiation lengths of a heavy
material. The risk of locally overheating the colli-
mator jaws would be too high. A computation (5] of
the energy deposition of a 50 GeV electron beam with
transverse beam dimensions comparable to LEP has
found energy deposition densities in excess of
30 GeV/em3 per electron in a copper absorber. With
a beam intensity of 2 X 1012 this would heat up
the absorber locally well above its melting point.

Collimators which can be hit by the full beam are
therefore made of only two radiation lengths of alu-
minium, which is the best compromise between the two
contradicting requirements i) avoid overheating of
the block by showering electrons and ii) ensure that
electrons traversing the block will have lost enough
energy to fall out of the momentum acceptance. The
escape probability for this collimator, has been cal-
culated with EGS, and is shown 1in Fig. 4 (upper
curve) .

The punch-through  probability (BE/E £ 5 %) for
the 2 r.1. AL collimator is 8 X 105, which is
just acceptable. But the transparent edge effect of
aluminium is far too large. It can be reduced to
practically the effect of a tungsten block by plating
the surface with 10 ym of gold. As seen on Fig. 4,
lower curve, the escape probability then falls rapid-
ly, like for a solid gold edge, up to the layer
thickness. Beyond this value it goes smoothly back to
the curve for solid aluminium.

Consequently, by plating a low-Z block with a high-Z

material, one obtains an electron absorber that com-
bines the low escape rate of a high-Z absorber with
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the ability to withstand dense high energy beams of a
low-Z absorber, because the shower density cannot
build up in the midst of a thin layer.

The average escape probability of the plated collima-
tor jaw over the first 100 ym of impact positions
is 4.5 x 104, which is a factor 25 lower than
for the unplated Al-absorber. As one expects drift
velocities of up to 8 mm per turn for the outspilling
particles in the horizontal plane, where the disper-
sion function Dy = 2 m, averaging over a few milli-
meters seems reasonable. After including a surface
curvature of R = 15 m for the 180 mm long Al collima-
tor, to become independent of alignment errors, and
taking into account the effect of secondary collima-
tors, an overall escape probability of 1 x 10-2
for the horizontal arc-collimator system has been
found.

It is foreseen to use this collimator also for syste-
matic beam dumping at the end of physics runs. When
the RF-field is de-phased, the 50 GeV bunches drift
inside, as the energy loss due to synchrotron radia-
tion is no longer compensated, and reach the horizon-
tal arc-collimator with a rate of transverse dis-
placement of about 3 oy per turn. During a phy-
sics run these collimators have a typical opening of
* 10 og. As the physical LEP ring aperture is
about twice as large, there is sufficient space left
for the particles to reach the collimator jaw on
their last turn without hitting the vacuum chamber
elsewhere.

Energy dependence

The above results are only weakly dependent on the
beam energy. The tendency is towards improved colli-
mator efficiency at higher energy mainly because edge
effects become less important with reduced multiple
scattering. Beam dumping with a single horizontal
collimator system, however, becomes problematic at
higher LEP energies. The rate of inward spiralling of
the beam, when the RF field is de-phased, increases
rapidly from 8 mm per turn at 50 GeV to 32 mm per
turn at B0 GeV, with the danger of losing the beam at
some unwanted point. Beam dumping at higher energies
will therefore require several horizontal dump colli-
mators distributed around the LEP ring.

Hardware requirements

The hardware design of the different collimator types
needed in LEP is presented elsewhere in these pro-
ceedings [6]. Each collimator consists of a pair of
horizontal or vertical jaws. The collimator opening
must be remotely controllable with an accuracy of
about 10 % of the r.m.s. width of the beams. This ac-
curacy of 50 ym is required for the delicate set-
ting of aperture limits and of secondary collimator
openings with respect to primary ones. In order to
minimize the radiofrenquency higher order mode losses
of the bunched beams on the collimator structure jaws
must be fitted with smooth transition pieces.
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Fig. 4 Escape probability P(x) for 50 GeV electrons
from a two-radiation-length Al collimator.
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