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• This short presentation gives some details about the ray-tracing montecarlo simulations performed 
on the existing BGV geometry, and the new one proposed

• Reference is made to the presentation “Beam Gas Vertex instruments for HL-LHC” by R. Kieffer, HL-
LHC WP13 BI Meeting #3 of 2020, 10/2/2020, https://indico.cern.ch/event/881755/

• The idea is to go from this…  … to this, using a highly collimated gas jet target

Particle Tracking station

https://indico.cern.ch/event/881755/
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• In particular it deals with the “optimized” BGV target, which could be obtained applying 
micro-mechanical manufacturing techniques, as described in https://doi.org/10.1038/s41467-019-09647-3

https://doi.org/10.1038/s41467-019-09647-3
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• What is the advantage of such a technology?

• Introduction: one tiny square channel only, with a high-pressure “reservoir” on one side, 
generates a highly-directional molecular beam (a);

• A similar configuration with 3 shorter channels separated by short “molecular sinks”, g1 and 
g2” (b): only the central part of the collimated (“beamed”) molecular flow reaches the exit 
of the 3rd tube; This configuration, called a “cascaded collimator”, helps reducing the 
background of the  molecules effusing at a larger angle; Even just one gi may be  sufficient

https://doi.org/10.1038/s41467-019-09647-3

https://doi.org/10.1038/s41467-019-09647-3
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• Typical mean-free path and density variation as a function of pressure (1 hPa = 1 mbar)

• Molecular flow conditions, i.e. ~no inter-molecular collisions, prevail when MFP<< typical 
vacuum component size (e.g. diameter in a tube)

(Ref. “The Vacuum Technology Handbook”, Pfeiffer Vacuum)

• We see that for sub-mm cross-sections 
molecular flow takes place at pressure in 
the 10-3 mbar range and below
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P = 1E-7 [mBar] = 1E-6 [kg/m2]
T =293 [K]
Kb=1.38E-23 [m2kg . s-2 . K-1]

Density = 2.47E15 [Ne/m3] =  2.47E9 [Ne/cm3] 

Integrated density along the gas target of 200 cm :    4.94E11 [Ne/cm2] 

p

Courtesy R. Kieffer, personal comm.
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• Under molecular flow conditions  and small channel dimensions, the total gas throughput 
may not be sufficient to guarantee the necessary integrated path density for the BGV; If we 
want to localize the proton-gas jet interaction along a distance of, say, 1 cm, then we need 
to have a much higher (~200x) molecular density as compared to the present  ~2 m long 
BGV, so aiming at ~10-5 mbar range

• The solution is to be able to fabricate on a single Si substrate, a series of highly parallel 
channels: 

https://doi.org/10.1038/s41467-019-09647-3

c

https://doi.org/10.1038/s41467-019-09647-3
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Plasma dicing by DRIE
Deep Reactive Ion Etching

Chang Kun Kang et al 2008 J. Micromech.Microeng. 18 075007

150 µm 200 x 70 µm

Similar example: microfabrication of cooling plates
(courtesy R. Kieffer, personal comm.)



Alternative Gas Jet Creation for the BGV – R. Kersevan - 31st May 2020
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• CAD model and 2D drawing for the 
“optimized” high-density cascaded 
collimator gas injection system (left)

• View of one Molflow+ ray-tracing simulation 
for the same geometry (below); In the inset 
the well-collimated angular distribution at 
the beam position
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• Molflow+ simulation: 1st step is to generate angular distribution at exit of one 50x50 mm2

tube, made up of one initial section of 0.5 mm-long, then one bigger pumping space (pumping 
prob.= 50%) 0.2 mm-long, and then finally o short square tube 0.05 mm-long (left);

• The angular plot at the exit (right) shows that the molecular beam is contained within +/-2°

• 2° angular divergence corresponds to ~2.9 mm across the 80 mm tube, towards the pump

POLAR ANGLE (DEG)



Alternative Gas Jet Creation for the BGV – R. Kersevan - 31st May 2020

• The peak in front of the 20-channel gas injection array is underestimated in this plot, since 
the bin size (224/100=2.24 cm) is far too big compared to the axial width of the injected Ne, 
which is only ~ +/- 0.1 mm FWHM (see next slide)

The horizontal scale corresponds to 2.24 m
Profile is calculated on 100 slices 
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Over 1 mm central X width
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Summary and future developments
• A new model, with a very collimated cascaded capillary array has been proposed

• It has been shown, via ray-tracing MC simulations, that such a configuration has the advantage of 
allowing the creation of a ~3 orders of magnitude localized density spike, which in turn would allow 
a better vertex localization, with a thinner exit window

• Further modelling needs to be carried out in order to evaluate the contribution of the p-Ne 
interactions along the 450 mm-long conical plenum

• A collaboration with a laboratory where the silicon array can be manufactured needs to be 
established (as far as I know it was EPFL when R. Kieffer was on the project)

450 mm
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