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Introduction
In subatomic particle physics, unstable particles can
be studied with a vertex detector placed inside a par-
ticle accelerator (e.g. LHC at CERN in Geneva).
A detecting unit close to the accelerated bunch of
charged particles must be separated from the accel-
erator vacuum. A shield around this detection unit
prevents the detector vacuum from ’polluting’ the ac-
celerator vacuum. Figure 1 shows a cross section of
a set of detectors placed inside a vertex detector foil.

Figure 1 : Vertex detector half to be used in an LHC
detector

Objective
The goal of this project is to simulate the SPF process
with which this foil has been manufactured, together
with an optimisation procedure, in order to reduce the
development time.

Figure 2 : Top view of the foil

Methods
Superplasticity Superplastic materials show highly
strain rate dependent properties. Therefore grain
growth has to be suppressed, which is determined
by temperature and strain rate. At very high plastic
strains, cavities may occur inside the material. This

does not need to be a problem for the foil, as long as
they don’t show any leak. Figure 3 shows the mater-
ial structure after forming the foil at the places which
show the highest plastic strain.

Figure 3 : Occurrence of internal cavities

Optimisation Charged particles lose kinetic energy
when traversing a piece of material. The ’trans-
parency’ of a material to charged particles is ex-
pressed in a term called radiation length X0:
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in which α is the fine structure constant, re is the elec-
tron radius, NA is Avogadro’s number, A and Z are
the atomic weight and number of the traversed mate-
rial. The objective of the optimisation is here to max-
imise the radiation length of the vertex detector foil.

Results
All the years of trial-and-error work showed that it is
possible to form the foil superplastically. The combi-
nation of an appropriate superplastic forming simula-
tion and a radiation length optimisation should result
in a vertex foil design strategy for NIKHEF.
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