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This note summarises part of the work done in the french integration group for a 
preliminary sketch of the ILD beam tube. This intends to support the writing of 
the LoI.

The constraints

The design of the beam tube obeys few constraints:
1. It does not interfere with the luminosity.
2. Its central part is small enough to optimise the measurement of the impact 

parameter and large enough not to interfere with the background. 
3. It complies with a crossing angle of 7 mrad.
4. It  is  as  light  as  possible  to  reduce  photon  conversion  and  hadron 

interactions, withstanding nevertheless the atmospheric pressure.
5. It has not to induce electromagnetic perturbations generating heat.
6. It has to be pumped down to an agreed upon level.

To fulfil the constraint 1 the tube is made conical in such a way that no electron 
used for luminosity (θ < 75 mrad, θ being the angle with respect to the outgoing 
beam) crosses the tube. As will be shown in the detailed structure, the cone is 
closed in front of the luminosity calorimeter by a thin cupola.

Constraint 2: To optimise the measurement of the impact parameter, the first 
layer of the vertex detector has to be as close as possible to the interaction 
point, but it has not to be spoiled totally by the background related to the beam-
strahlung (low P option). This provides a minimum radius and maximum length 
of  the  central  cylinder.  The  background  spreading  from  the  axis  with  z 
approximately like a square root, the cylinder and the cone have to be connected 
by a special piece.

Constraint 3: The axis of the detector is along the bissectrice of the incoming and 
outgoing  beam.  The  cone  will  be  centred  on  this  axis  but  large  enough  to 
accommodate the crossing angle. The luminosity calorimeter is centred on the 
outgoing beam as the beam calorimeter and the LHCAL do. Therefore from the 
cupola to the front of the beam calorimeter the tube, still in one piece, is centred 
around the outgoing beam. It is likely that this piece should be in aluminium. This 
means that the downstream part of the tube makes a 7 mrad angle with the 
cone, breaking the φ symmetry.



Constraint 4: this constraint may apply differently in the different sections of the 
tube. It is specially strong in the central part. We should make clear that the 
main trouble does not come from photon conversion but rather from multiple 
scattering and hadron interaction. To reconstruct a photon from a conversion pair 
may be hard but is feasible, understand a hadronic interaction and its products is 
a nightmare.
Anyway when trying to optimise the material, beryllium optimises at the same 
time radiation length and interaction length.  It  is  also a mechanically  sound 
material  (the modulus of elasticity is 4 times higher than for aluminium) but 
suffers  from the toxic  character  of  the beryllium oxide inducing problems of 
machining. Clearly a design for the beam pipe can not be considered without 
working with manufacturers. This being said the amount of material used in the 
beam pipe section in the detector has to be reduced to a minimum and most of 
the mechanical study will try to minimise the mass keeping the stability. 
A specific discussion has considered the opportunity to have cones pointing to 
the interaction or not. From the point of view of the production of background by 
conversions or interactions this is a second order effect. It is slightly better to be 
projective  in  view  of  the  fact  that  the  conversion  probability  in  an  angular 
domain is smaller when the material is concentrated. It is better to have 3 X0 in 
an  angle  α than  1  X0  in  3α.  The  real  problem is  to  know if  we  prefer  to 
concentrate the difficulties or to spread them. At the end the solution is dictated 
by the beamstrahlung background and its constraints on the shape.

Constraint 5: As the tube has a section changing with z, its impedance as seen 
by the beams changes inducing electromagnetic losses. This has been checked 
for the conical shape under consideration, as presented in the note by Yusuke 
Suetsugu [Technical Note for ILD beam pipe] where a heat load of 20W is reported. 
We have to care about getting this heat out.

Constraint  6:  We  have  to  ensure  that  the  vacuum obtained  in  the  tube  is 
adequate with the beam gas background. The only  reasonable place for  the 
pump is  just  before  the  beam calorimeter.  For  such  a  configuration  Yusuke 
Suetsugu has  shown that the vacuum obtained is very barely satisfactory. The 
conductance of this long tube with a small diameter far from the pump is poor. 
Some more study has to be done.

The design

Following these prescriptions a design of the tube has been obtained. It is shown 



in  the  figure  above,  in  its  environment  with  the  forward  structures  and  the 
tracking disks. Details of both ends of the main cone are shown below..

The global shape is the following:
a cylindrical part with a small radius,
a first cone opening the tube to avoid the pair background,
a second cylinder to join to the large cone,
the large cone pointing slightly beyond the interaction point,
a cupola closing the tube in front of the luminosity monitor,
a conical tube passing through the monitor centred on the outgoing beam,
a flange to connect to the rest of the beam tube.

Dimensions:
The dimensions given here are internal, the external ones are derived knowing 
the thickness at the different places.
Central cylinder:          R= 15  L=  80
First cone :                  R= 24  L= 150
Second cylindre:         R= 24  L = 230
Large cone:                R= 188.55   L = 2348.5
Spherical cupola      Centre= (2030, 0) R=400    
Fillet                         R= 50
The cone under the lumical is centred on the outgoing beam, it starts at (2430, 
17) and has for radius 56.

None of the cones is projective.
Note again that the overall structure is not symmetric in φ.

The mechanical studies

Mechanical studies of the structure have been done in static mode and for 
buckling. The material under consideration was beryllium everywhere with 
different thicknesses. The side of the flange was left free to slide along the axis.

Cupola: The form of the cupola has been chosen to minimise at the same time 
the displacement under the atmospheric pressure and the thickness of the 
material together with minimising the distance to the monitor. A cupola thickness 
of 2mm (6‰ X0) has been shown to be adequate.

Central region:  the inner cylinder has a radius of 15mm with a Be thickness of 



0.5 mm. The first cone and second cylinder have a thickness of 0.75 mm. The 
delicate part is the big cone which has a strong tendency to buckle. Without 
reinforcements a thickness of 2mm at least is needed (3mm for aluminium). 

This structure is regarded as the reference beam tube design. The mechanical 
study has then been done with the following conditions:

- the weight of the tube has not been taken into account, the beryllium mass is 
6.01 kg for half of the tube,
- half of the tube has been simulated making use of the z symmetry. The tube is 
clamped in position at the interaction point level. At the level of the terminal 
flange the tube can slide in z but not in x-y.
The results are summarised in four plots: The first one shows the chosen mesh, 
the second the displacements, the 3rd the constraints (Von Mises) and the last 
one the behaviour under buckling.

We observe:
– a maximal displacement of 30µm. It is due to the deformation of the tube 

under  the atmospheric pressure in presence of the asymmetry due to the out 
of axis last part.



– A maximum constraint  of  41  Mpa  at  the  level  of  the  central  tube  for  a 
tolerance of 275. 

– A buckling critical load1 above 6.

Such a design seems therefore viable but not oversized.

On the figure 2 one can see the disks which provide the tracking in the forward 
region. These disks have frames and are held from an outer structure.  Their 
support can be used to hang the beam tube and some reinforcement can be 
placed at their level. The reinforcements under consideration are thin rings in 
beryllium. We have used four such rings 1mm thick and 10mm wide at the place 
of the 3rd to 7th disks, they are considered as welded to the cone.
The following illustrations correspond to that case with the same thicknesses 
than previously. Now the mass is 6.06 Kg, the maximum deformation is 28µm, 
the maximum constraint 41 Mpa. As expected these parameters are very close 
but the buckling security factor grows to 13.4.

The effect on the buckling is clear and it appears immediately that the cone 
thickness can be reduced. In that case with rings 1mm thick and 10mm wide it 
was possible to obtain a stable structure with reduced thicknesses. Looking for a 
buckling safety factor of about 6 the following thicknesses appear reachable:

1 This is the factor by which to multiply the force to start buckling. Here we should have 6 times 
the atmospheric pressure.



– Inner cylinder 0.5 mm
– first cone and region up to the first ring  0.75 mm
– between rings 1 and 2  0.85mm
– between rings 2 and 3  1mm
– between rings 3 and 4  1.3mm
– between the ring 4 and the cupola   1.5mm

With a mass of 4 Kg, this corresponds to a reduction of the material budget from 
the straight cone by a factor 1.5. The maximal Von-Mises constraints is 44 Mpa, 
the  buckling  security  factor  is  6.3  but  the  displacement  grows  to  44  µm. 
Intermediate supports needed anyway for handling the weight would reduce this. 
This is illustrated in the three following figures. The mesh remaining identical to 
the previous serie.

The thicknesses could be reduced further, the truncated cones appearing more 
like sails floating between the rings. It is much more difficult to simulate. The 
dominant  constraint  in  that  scheme is  that  the  free  end  of  the  tube  has  a 
tendency to move toward the centre. The pipe at the level of the flange should 
be blocked but this induces a strong constraint on the central tube.

The following plot shows the interaction probability in the pipe as described in 
MOKKA. The shape is almost identical to the model described in this note, the 
central cylinder is 500µ thick, the first cone grows from 0.5mm to 1mm, the big 
cone is 2mm thick. The first large peak on the left is due to the pipe between 



luminosity and beam calorimeters, a stainless pipe.  The second is due to the 
main cone and the third bump corresponds to the small cone. 

The price

By looking at the Be beam tube built for LHCb (Gloria Corti private communica-
tion) the price as of today could be in the range 1-1.5 M€.

Conclusion

To go beyond this first approach would need to work with manufacturers because 
the technology becomes very important. The example of LHCb tube shows that 
such a tube results from a strong R&D by the manufacturer on the way to realise 
cones and to perform the weldings with TIG or electron beams. Therefore at the 
level of the LoI we could simply show this design keeping in MOKKA the actual, 
much more conservative design.
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